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 Abstract 
 
 Science education incorporates methodology to make content relatable, relevant and 
important to students. The problem with science content such as Chemistry, is the ability to make 
the abstract understandable and clear on a level students are able to grasp. With content that 
deals with the unseen, modeling practices let students visualize the scientific concept being 
described in an additional manner. The Units that follow, incorporate modeling practices into the 
curriculum in order to allow students to access material that involves higher level thinking and 
reasoning. In addition to navigating the benefits and drawbacks of incorporating different 
modeling strategies, the review of the literature also explores the numerous methods of including 
modeling into teaching practice, as well as the range of different types of models that can be 
utilized. Student-centered modeling, technology-supported modeling, and inquiry-based 
modeling are all integrated into the lessons with the ultimate goal of student understanding.  
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 Chapter I: Introduction 
 
  
Rationale 
 
The practice of science itself is inquisitive, representative and exploratory in nature 
(France, 2010).  In order to represent those ideas in science that are abstract or unknown, 
scientists spend a significant amount of time preparing and using different forms of modeling to 
support theory, research and practice in the field. Without the aid of these modeling tools, there 
would be little understanding of surrounding phenomena and little in the way of discovery or 
progress in terms of science. “The most important overall goal of scientists is the development of 
an understanding of how the natural world works. In all scientific disciplines, this understanding 
is most often accomplished through the conceptualization of models of various natural 
processes.” (Aktamis, H. Çaliskan, S. 2011) Therefore, in order to learn about and pursue science 
in authentic form, students must be able to utilize and incorporate modeling methods into their 
science learning.  
  
 In order to connect the processes that occur in the scientific world to what happens in the 
scientific classroom, modeling of scientific phenomena and processes must be incorporated into 
the instructional practice by the instructor. “In science education, it can be very difficult to make 
certain concrete concepts as well as the abstract concepts achievable and understandable for the 
students.” (Aktamis, H., et al 2011)  To accomplish this task, modeling practices of all 
definitions can be utilized by the student in the classroom. It’s the instructor’s responsibility to 
incorporate these methods with a purpose and in a scaffolded manner to ensure that deeper 
learning of scientific concepts is achieved.  
 
  The purpose of modeling in the science classroom is to represent the abstract information 
that may otherwise be difficult to grasp for students. Modeling in its many forms has the ultimate 
purpose of clarifying a concept or building upon a foundational understanding to be predictive 
and authentic. According to Svoboda and Passmore (2013), the aim of using modeling in the 
science classroom can be summarized in four categories: “1) to understand complex phenomena 
2) exploratory purposes 3) to develop concepts and 4) prediction and exploration.” In order to 
allow students the greatest benefit from modeling practices, they should be allowed exposure to 
modeling in multiple formats, and problems. 
  
 The scope of modeling practices in the literature is wide and varies in the aim of the 
modeling practice, to the type of modeling practice itself. The literature on modeling is in 
agreement on the fact that is it an important part of science and science education in today’s 
classroom. According to Schwarz (2009), modeling can be described as “an abstract, simplified, 
representation of a system of phenomena that makes its central features explicit and visible and 
can be used to generate explanations and predictions.” There are computer based-simulations, 
student centered models, authentic modeling practices, and modeling the practice of science 
itself. All forms may be used to scaffold information and concepts in the curriculum being 
presented to science students.  
 
Significance of Project 
 
The significance of utilizing technology and modeling practices in the classroom is high 
in terms of benefit and time spent involved in learning activities in the classroom. By engaging 
in higher level thinking when it comes to designing a model, students can solidify their 
 understanding of a concept and further their level of understanding through student centered 
model creation.  
In the modern classroom, there are various opportunities to utilize modeling practices that 
incorporate real world experience, technology and engage students in their learning. Teachers 
have the opportunity to provide students with the tools and knowledge to succeed in the sciences 
through scaffolded modeling experiences and assignments. When students have the exposure to 
modeling concepts in the classroom, they are simultaneously experiencing authentic learning 
through scientific practice, and deeper understanding though multiple modes of concept 
modeling.  
 
Definition of Terms 
 
Modeling- an abstract, simplified, representation of a system of phenomena that makes its central 
features explicit and visible and can be used to generate explanations and predictions. 
 
Authentic Learning- learning that incorporates skills, problems, or curriculum that directly relate 
to that of real world professionals or subject areas.  
 
Scaffolding- Introducing skills or topics in a specific order as to build student knowledge slowly 
and concretely in a subject area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Chapter II: An Outline of the Literature Review 
 
“Because the notion that students form “mental constructions” is widely accepted, 
educational environments conducive to the constructivist approach to teaching have incorporated 
use of models in new science and technology curricula.” (Cokelez, 2011). Modeling according to 
the literature can have many definitions and forms, though what seems to be common is the idea 
that modeling exists to simplify, represent or predict a scientific concept in regard to explaining, 
representing and furthering a scientific concept or theory (Swartz, 2009). The author also 
describe a framework for how a model is defined in the literature as consisting of ‘‘elements, 
relations, operations, and rules governing interactions that are expressed using external notation 
systems.’’ Models are described as generative, in that they can build upon ideas already in place 
by students and encourage additional questions, or predictive in that they can be used to monitor 
and predict results of a concept previously unknown.  This idea shows that models themselves 
can be used to encourage ideas, and concepts from students in the classroom. This is based on 
the educational principle of involving learners with meaningful participation in the classroom.  
 Models should be used to involve students in their own learning authentically, this 
process directly involves students in the creation and application of the models themselves. The 
theory of design-based practice requires the application of modeling to be student centered and 
designed (Schwartz 2009), where models are created by the student and used to explain or 
expand on concepts that they already have some understanding of. This theory connects to the 
educational concept of needing to involve students with their learning directly in the science 
classroom. It is crucial to involve learners in the construction of models, rather than primarily 
working with models provided by teachers or scientific authorities (Schwartz, 2009). The theory 
behind student-centered modeling in the classroom stems from the theory of design based 
 practice described by Schwartz (2009). The purpose of modeling should be to engage students, 
get them involved in their learning and help them in developing their knowledge of a subject area 
that may be more abstract in science. 
  
Benefits of Modeling: 
 
There are numerous benefits to utilizing modeling in the science classroom. Modeling 
(practice) can help students grasp abstract scientific concepts that are hard to observe with the 
naked eye (Cokelez, 2011). To understand the importance of modeling students also have to 
understand the nature of science itself. Using models allows for students to observe the essence 
of science which is discovery, explanation and scientific justification. Svoboda and Passmore 
(2012) state that models have four main purposes “1) to understand complex phenomena 2) 
exploratory purposes 3) to develop concepts and 4) prediction and exploration.” All of these 
processes can be seen as benefits of modeling itself. With so many uses in the classroom, it’s 
hard to justify not using modeling in the science class, especially in a discipline like chemistry 
with most of the topics centered on abstract ideas and theories.  
Prins, G., Bulte, A., Pilot, A. 2011 concluded that authentic modelling in the classroom is 
an essential practice for students to develop a clear understanding of what they are exploring and 
the concepts being used.  
 
 
 
 
 Limitations of Modeling: 
 
 The limitations of modeling vary depending on the type of modeling being used in the 
classroom. In regard to computer based simulations and modeling, the most clear limitation 
would be the availability of the technology itself in the classroom. Students also would be 
unfocused if the teacher is not closely monitoring their learning. . Computer based simulations 
might be challenging to some students who are not visual learning, or other who are tactile 
learners and need to be able to physical manipulate a model to gain full understanding from it.  
 Limitations of authentic modeling would be the concept being presented. If there is no 
practical real-world application of a subject for instance, atomic modeling, then it is hard to 
make a true authentic experience when exploring the subject itself. Students also may not have 
all the materials they need available to them for presenting, and creating their models of the 
concept being represented (Kai, 2010).  
 One of the most important limitations is the information gained from the use of modeling 
in the classroom vs. the amount of time spent on it. What students actually gain from models 
being incorporated into the curriculum is one factor that needs to be considered. More research 
will be done on this aspect of modeling, but the value of what students get from modeling a 
concept is hard to measure, and if the modeling process uses a significant amount of time, it may 
or may not be beneficial in the classroom in certain topics (Schwarz, 2010).  
 
Implementation: 
 In terms of what is accurate and beneficial based on the literature, the module built 
around modeling should involve a number of aspects of these findings. Firstly, scientific practice 
 must be outlined is utilized in an authentic manner before modeling. If students are asked to 
model a concept that is unknown to them or fairly new, they will need guidance and instruction 
on how to approach the topic initially.  
 The module will involve the incorporation of authentic modeling and student centered 
learning of a subject. A good unit topic may be ideal gas law, where students have to design an 
experiment to explore the relationship between temperature, volume, and pressure. Incorporating 
computer simulations to access student’s prior knowledge initially. Then moving on to having 
them design their own experiment would be the ideal process for model based learning based on 
the techniques and research explored above. 
Implementation of authentic modeling in the classroom would involve a scaffolded series 
of lesson based on more abstract units such as Gas Law, Acid-Bases, and Bonding. Students 
would be given a basic working knowledge of the content and the relationship between 
temperature, pressure, and volume as it relates to the behavior of a gas. Students would receive 
content in a similar matter for the unit on Acids-Bases and Bonding. Students would explore the 
relationship of factors in the unit (such as gas law) through computer models, group work and 
differentiated work in the classroom.  
 The final part of the module would involve students creating models to represent the 
concept they learned about such as gas laws. Students would be responsible for creating a model 
of their choosing as long as it was accurate, accessible and engaging. Examples of student work 
might include a computer based simulation, an apparatus representing a mathematical 
relationship such as the one between pressure and volume of a gas or a detailed experimental 
design.  
 
 
 Chapter III: Capstone Project 
 
Overview 
 
 This project is composed of four Unit modules for use in the General or Regent 
Chemistry classroom. Each unit incorporates one or more scientific modeling practices into the 
lesson as physical, computer-based, written and conceptual practices. Opportunities for student 
centered model creation and discussion are utilized throughout, and information is scaffolded 
throughout each Unit. Methods of model creation and utilization are used throughout to deepen 
student understanding and ensure content is accessible and understandable to all students.  
 
Project Outline 
 
 The Units outlined in Chapter III each contain a series of five lesson plans incorporating 
various research-based modeling practices into the curriculum and classroom environment. Each 
lesson is forty five minutes long, and follows a similar structure, though no two lesson are 
exactly alike. Each lesson starts with a review of the previous day’s material in the form of an 
entrance activity, and is also a point of discussion where students can ask questions and clarify 
misunderstandings. Following the entrance activity in the lesson, a short period of instructor 
centered modeling generally is used to introduce a new concept. Instructor centered modeling 
includes the use of diagrams, charts, graphs, physical models and conceptual comparisons to help 
develop student understanding of the material in a streamlined manner. Following instructor 
based modeling, a student centered activity follows. The student centered activity incorporates 
one or more forms of modeling to solidify reviewed concepts and demonstrate new concepts. 
Students models take the form of diagramming (or graphing) a particular concept, interpreting 
the created visual along with creating or using a computer-based simulations. Additionally 
 students use physical models in the form of laboratory experimentation and creation. To solidify 
conceptual ideas learned previously in the lesson or Unit.  
 Student understanding is assessed through formative assessment and summative 
assessment. Entrance activities, teacher observation, are KWL charts all used to assess student 
learning and knowledge prior to and following the lessons. Summative assessments are collected 
at the end of the lessons as discussion activities, and lab reports to determine students’ 
understanding and mastery of material after various modeling techniques have been applied 
during the lesson.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Unit 1: Physical Behavior of Matter 
 
Unit Overview 
Lesson: Examples of Modeling 
Practices 
Research-based Rationale 
1- Matter Teacher particle diagrams in 
guided notes to represent the 
atomic interaction of particles in 
each phase of matter. 
 
Student created models of the 
phases of matter, based on prior 
knowledge and understanding of 
the material learned.  
The theory of design-based practice 
requires the application of modeling to 
be student centered and designed 
(Schwartz 2009). 
 
It is crucial to involve learners in the 
construction of models, rather than 
primarily working with models provided 
by teachers or scientific authorities 
(Schwartz, 2009 
 
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
2- Kinetic Energy 
and Heat 
Student centered discussion 
activity on interpreting heating 
curves (graph). 
Teachers are challenged with integrating 
scientific talk into the learning 
experiences of students. (Alozie, 2014) 
 
The use of models in science education 
supports meaningful teaching and 
learning processes. (Cokelez, 2011) 
 
3- Heat of Fusion 
and Heat of 
Vaporization 
Students centered laboratory on 
calculating the Heat of Fusion 
for ice.  
 
Students carry out experiment 
and calculation a value for Heat 
of Fusion. 
Models provide a means for making this 
transition (moving from concrete to 
abstract) and support students in 
constructing relationships that form the 
basis for using graphs, tables, and 
formulas. (Carrejo, 2014) 
 
Modeling (both mechanical and computer 
simulation) and scenario building 
(including thought experiments) play an 
important role in the development of 
scientific knowledge. (Schwartz, 2009) 
 
4- Combined Gas 
Law 
Students utilize online 
simulation program 
(https://phet.colorado.edu/en/sim
ulation/gas-properties) to model 
the behavior of gases.   
Using computer simulation models can 
help students learn laws and foster inquiry 
reasoning skills. (Schwartz, 2009)  
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
  
5- Separating 
Mixtures 
Students carry out an inquiry 
based lab experiment modeling 
processes of separating mixtures.  
 
Students develop the process 
collaboratively, using prior 
knowledge to develop their plan.  
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
Modeling (both mechanical and computer 
simulation) and scenario building 
(including thought experiments) play an 
important role in the development of 
scientific knowledge. (Schwartz, 2009) 
 
Experience plays a central role in 
affording students the ability to construct 
meaning about what they learn. (Carrejo, 
2014) 
 
Image Citations 
Images from Microsoft Word 2013 
http://www.techknow.org.uk/wiki/images/9/9a/Calorimeter.JPG 
http://abetterchemtext.com/Therm/images/heat_curve%20full.png 
http://abetterchemtext.com/Therm/images/cool_curve.png 
http://boomeria.org/chemtextbook/formula18-1.jpg 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Lesson: 1 – Matter  
 
Central Focus The central focus of the learning segment is for students to differentiate 
between the three states of matter: solid, liquid and gas on the atomic 
level.  
Primary learning 
target  
Students will be able to describe how changes temperature affect the 
interaction of atoms in a substance. Students will also be able to describe 
how kinetic energy and potential energy are changed when a substance 
undergoes a phase change. 
Content 
Standard(s) 
NYS Physical Setting: Chemistry Core Curriculum  
 
Key Idea 3: Matter is made up of particles whose properties determine the 
observable characteristics of matter and its reactivity.. 
 
The three phases of matter (solids, liquids, and gases) have different 
properties. (3.1kk) 
Learning objectives  
 
1. Students will use manipulatives they create to describe the particle 
interactions in the three different phases of matter: solids, liquids 
and gases.  
2. Students will have a short discussion with instructor on the 
interaction of particles in each phase of matter, and how their 
models accurately depict the kinetic energy in each.  
Possible problems Creating the manipulatives may be time consuming in the limited class 
time given to students.  
 
Models created may be representative of a very basic understanding of 
particle interaction in solids, liquids and gases. Students may not be able 
to expand on the concept using the models created, resulting in limited 
use in the unit. 
Instructional 
resources and 
materials 
 
 Student notebooks, computer, pen/pencil. 
 Supplies for model creation: cotton balls, q-tips, glue, colored beads, 
string, plastic containers, plastic wrap. 
 Plan sheet for model creation (Student created). 
Assessments & data 
collection  
 Students will turn in their plan sheet for their model as a group. 
 Students will present their models to the class for instructor and peer 
grading.  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-5 
 
 
 
5-10 
 
 
 
 
10-30 
 
 
 
 
30- 45 
 
Introduction of assignment. Student 
partners assigned. 
 
 
Guided notes on phases of matter: solids, 
liquids and gases 
 
 
 
Teacher provides materials for students 
for model creation, and guides students in 
the planning and building process.  
 
 
Instructor guides student discussion and 
model creation with probing questions and 
guiding questions on phases of matter.  
 
Instructor should reinforce prior 
knowledge and direct student thought 
processes in the appropriate direction.  
  
 
Students will form smalls groups and 
collect the materials needed to start their 
model creation. 
 
Students will fill in notes accordingly and 
answer questions posed by instructor on 
kinetic energy and particle interaction. 
 
 
Students create a plan for their models and 
acquire supplies from the instructor.  
 
 
 
Students present models to instructor and 
class. Students peer review models and 
turn in finished work to the instructor. 
 
 Unit 1: Guided Notes: Physical Behavior of Matter
 
Vocabulary: 
Condensation  Deposition   Freezing 
Fusion   Gaseous Phase  Heat 
Heat of Fusion Heat of Vaporization  Kinetic Molecular Theory 
Liquid phase  Solid phase   Sublimation 
Temperature  Vaporization 
 
Guiding Questions: 
 How do the phases of matter relate to the kinetic energy of the particles that they are 
composed of? 
 As a substance changes from a solid to a gas or a gas to a liquid, what is happening to the 
energy being absorbed or released by the system? 
 What is the difference between heat and temperature? 
 How do gas particles interact with respect to temperature, volume, and pressure? 
 How can we separate certain mixtures based on their physical properties? 
 
I. Properties of Solids 
 Is matter that is held in _____________ form.  
 A substance in the solid phase has a definite _______________ and _______________.  
 Strong _______________ forces in a solid hold the particles together in a 
_____________ location.  
 True solids have a _________________ structure. 
 
             
 
  
II. Properties of Liquids 
 Particles are _________ held together as _____________ as those in the solid phase.  
 Particles are able to ____________ past one another, this prevents the liquid from having 
a definite _____________; the attractive forces are strong enough to give a liquid a 
_______________ volume however. 
 
III. Properties of Gases 
 Have minimal ___________________ forces between particles.  
 Gases have neither a definite _____________ or _______________.  
 Gases spread out indefinitely unless confined in a ___________________.  
 
IV. Heating Curve (label) 
 
V. Cooling Curve (highlight) 
 
 
 
VI. Potential and Kinetic Energy 
 Potential energy- is _____________ energy in a compound.  
  Kinetic energy- is related to the ________________ of _______________ in a substance.  
Question: How are potential and kinetic energy of substances changing on a heating curve? 
Cooling curve? 
 
 
 
VII. Sublimation and Deposition 
 Sublimation- the process in which a ___________changes directly into a _________. 
 Examples: Solid CO2, Ice out of a freezer, etc.  
 Deposition- the process in which a ____________ changes directly into a ____________. 
 
 
 
VIII. Temperature Scales 
 Temperature- of a substance is a measure of the average __________energy of its 
___________________. 
 Does __________ depend on the nature or _________________ of material. 
 The temperature difference between two ____________ indicates the direction of 
___________ flow. 
 Units of temperature are __________ and _____________.  
 K= oC + 273  
 
IX. Heat 
 Heat- is a measure of the amount of ____________ transferred from one _____________ 
to another.  
 Units of measurement are ___________ or ________________. 
 Example of the difference between heat and temperature: 
*It takes __________ energy to melt 10 g of ice than it does to melt 1 g of ice, yet 
in both cases the temperature of ice does ________change 
 
X. Measurement of Heat Energy 
 The amount of ____________ given off or absorbed in a ______________ can be 
calculated using the following equation:  
 q = mC∆T (Table T) 
 q = __________ (in joules) 
 m = __________ of the substance  
  C = specific ______________ of substance (Table B) 
 ∆T = (Temperature initial – Temperature final) 
 Calorimeter: Used to measure amount of stored energy in substance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Example: How many Joules are absorbed when 50.0 g of water are heated from 30.2oC to 
58.6oC? 
 
 
 
 
 
 
XI. Heat of Fusion 
 The amount of ___________ needed to convert a unit mass of a substance from 
___________ to _____________ at its melting point is called the _________________. 
 The heat of fusion of _________ water (ice) at 0oC and 1 atm is 334 J/g (Table B). 
 To calculate the _____________ required to melt a substance, use the equation:  
 q = mHf (Table T) 
 q = __________ (in Joules) 
 Hf = ______________________ 
 
  Example: How many Joules are required to melt 255 g of ice at 0oC? 
 
 
XII. Heat of Vaporization 
 
 The amount of heat needed to convert a unit mass of substance from its 
_______________ phase to its _________________ phase at a constant temperature is 
the __________________________. 
 The heat of vaporization of _____________ at 100oC and 1 atm is 2260 J/g (Table B). 
 To calculate the heat required to ________________ a substance, use the equation:  
 q = mHv (Table T) 
 q = _______________ (in Joules) 
 Hv = __________________________ 
 Example: How many joules of energy are required to vaporize 423 g of water at 100oC 
and 1atm? 
 
 
 
XIII. Behavior of Gases 
 
 Kinetic Molecular Theory (KMT) – is a model used to describe the behavior of gases.  
 Gases contain ______________ (usually molecules or atoms) that are in 
_______________, random, straight-____________ motion.  
 Gas particles __________________ with each other and the ______________ of 
their container, these collisions result in a ___________________ of energy 
among particles, but no net ____________ of energy (collisions are perfectly 
elastic). 
 Gas particles are ______________ by relatively great distances. Because of this, 
the volume occupied by the particles themselves is _________________. 
 Gas particles do not _______________each other.  
 
XIV. Pressure and the # of Gas Particles 
 Kinetic Molecular Theory (KMT) explains why gases exert _______________when gas 
molecules _________________ with each other and the walls of their container.  
 The greater the ___________________ of gas particles, the greater the pressure of a 
container. 
  *Pressure and number of _______________ molecules are directly 
__________________________.  
 
 
 
XV. Pressure and Volume of a Gas (Boyle’s Law): 
 As volume ________________ in a container, the molecules of a gas become more 
________________________ and hit the walls of the container more often, causing an 
_________________________ in pressure.  
 If the volume of a container ______________, the molecules hit each other and the wall 
less often, causing a __________________ in pressure.  
 Thus, volume and pressure are ____________________ related. P1V1 = P2V2 
 
 
 
XVI. Temperature and Pressure of a Gas (Gay-Lussac’s Law): 
 As temperature of a container ___________________, the velocity or speed of particles 
________________________with their kinetic energy.  
 Temperature is a measure of the _______________ energy of particles, and thus more 
________________________ occur in a container with a __________________ 
temperature.  
 An increase in ____________________causes an increase in _______________, and 
therefore pressure and temperature are ___________________ related. P1/T1 = P2/T2 
 
 
XVII. Temperature and Volume of a Gas (Charles’s Law): 
 As temperature ______________, the molecules push harder against the side of a 
container causing an __________________ in volume in a piston.  
 Volume and temperature are thus _____________________ related. V1/T1 = V2/T2 
 
 
XVIII. Combined Gas Law Equation (Table T)! 
  
 Example: What volume of a container will a gas occupy if the pressure on 244 cm3 of gas 
at 4.0 atm is increased to 6.0 atm? Assume temperature remains constant.  
 
 
 
 
 
 Example: If 75 cm3 of a gas is at STP, what volume will the gas occupy if the 
temperature is raised to 75oC and the pressure is increased to 945 torr? 
 
 
 
 
 
 
XIX. Ideal vs. Real gases 
 KMT explains behavior of “ideal” gases. When the gas law is used to describe behavior 
of “real” gases, the results do not always match up. 
 Ex: Gas particles do not attract one another. Ideal: attractive forces between gas particles 
can be disregarded. Real: When conditions become _______________, these forces 
become important; for example, when temperature is _____________ enough, the water 
molecules in the atmosphere ________________ each other and become ____________ 
or snow.  
 Ex: Gas particles do not occupy volume. Ideal: Gas particles themselves occupy a 
negligible amount of space. Real: As pressure ____________ the volume of these 
particles can no longer be ignored.  
 *______________ and ______________ are the only two truly ideal gases.  
 
 
 
 XX. Avogadro’s Hypothesis 
 Avogadro stated that when the volume, pressure, and temperature of two 
_______________ are the same, the gases contained the same ___________ of 
molecules.  
 At STP, 22.4 L of gas contains one _______________of that gas.  
 
 
 
XXI. Separation of Mixtures 
 Mixtures can be ____________________ based on a number of ______________ 
properties of the components.  
 Density, molecular ______________, freezing _______________, and ____________ 
point are some of the ___________________ properties used to separate mixtures.  
 
 
XXII. Filtration 
 Many _________________ are made up of a _____________ and a liquid where the 
solid particles are suspended in the __________________.  
 In some cases you can __________________ the two mixtures by carefully pouring off 
the ___________________ without disturbing the solid.  
 A ________________ allows small particles to pass while keeping the bigger ones. *The 
_________________ is the substance that passes through the paper, while the substance 
that stays on the paper is the _______________.  
 
 
 
XXIII. Separating Liquids 
 Some mixtures are composed of two _____________________. 
 Two liquids that are not soluble in each other are called ______________ (Example: oil 
and water).  
 When two liquids are immiscible, they can be  ________________ with a separatory 
______________.  
 
 
 
XXIV. Distillation 
 When solutions are mixed together, they can be __________________ by distillation. If 
liquids can be mixed together, they are called ___________ and can be separated by 
distillation by their different ________________ points.  
  A solid ______________ completely in a liquid can also be separated by distillation. The 
liquid will _______________off, and the _____________ will remain in the distilling 
flask. 
   
XXV. Chromatography 
 Different components of a mixture have different ________________ for substances not 
in the mixture. 
 When paper is dipped into ink, the water moves up by ____________ action, the other 
components move at different rates based on ___________ to the paper, and 
___________ of the components.  
 The components separate as the move at different _____________. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Name______________________________________________________ Date______________ 
Model of Phases of Matter Activity 
 
Student Objective: To create a model of the particle interactions between atoms in each of the 
three phases of matter- solid, liquid and a gas. 
 
 
Materials: You will have the following supplies to create your models, you may use all or just 
some of the supplies (your final product should be original, unique and be of your group’s own 
creation). Mini marshmallows, toothpicks, pipe cleaners, beads, 3 glass jars (per group), glue, 
scissors, tape, string, and balloons. 
 
Directions: With your group and using the materials listed, create a model of each of the three 
phases of matter at the particle (atomic) level. Once you’re finished fill out the table information 
in the result section of the activity.  
 
Results: In the table below, list what materials you used for each model, a diagram of your 
model, and how it represents the particle interaction in the specific phase of matter. 
 
 
Solid: 
 
Materials Used Diagram Explanation of Particle 
Interaction 
   
 
 
 
 
 
 Liquid: 
 
Materials Used Diagram Explanation of Particle 
Interaction 
   
 
 
Gas:  
 
Materials Used Diagram Explanation of Particle 
Interaction 
   
 
 
 Lesson: 2- Kinetic Energy and Heat  
 
Central Focus The central focus of the learning segment is for students to gain an 
understanding of heating curves and how temperature, kinetic energy and 
heat are related at each part of a substance’s heat curve. 
Primary learning 
target  
Students will be able to distinguish between heat energy and temperature 
in terms of molecular motion and amount of matter (4.2i) and explain 
phase changes in terms of the changes in energy and intermolecular 
distance (4.2ii). 
 
Students will be able to distinguish between heat energy and temperature 
in terms of molecular motion and amount of matter (4.2i) and 
qualitatively interpret heating and cooling curves in terms of changes in 
kinetic and potential energy, heat of vaporization, heat of fusion, and 
phase changes (4.2iii) 
Content 
Standard(s) 
NYS Physical Setting: Chemistry Core Curriculum  
 
4.2a Heat is a transfer of energy (usually thermal energy) from a body of 
higher temperature to a body of lower temperature. Thermal energy is the 
energy associated with the random motion of atoms and molecules.  
 
4.2b Temperature is a measurement of the average kinetic energy of the 
particles in a sample of material. Temperature is not a form of energy.  
 
4.2c The concepts of kinetic and potential energy can be used to explain 
physical processes that include: fusion (melting), solidification (freezing), 
vaporization (boiling, evaporation), condensation, sublimation, and 
deposition. 
Learning objectives  
 
1. Students will use the discussion activity on heat curves to discover 
why kinetic energy is a measure of temperature and not heat.  
2. Students will discuss the transfer of heat energy in each phase 
change. 
3. Students will be able to describe the behavior of particles on each 
phase of the graph (heat curve). 
Possible problems Students that need a physical model have to work out heat curves in graph 
form. 
 
Student discussion will vary depending on the groupings, pairings should 
be thoughtfully created by the instructor before the lesson vs. being 
random selection.  
 
Instructor will need to include specific prompts to guide students through 
the graph/model to encourage independent thought and  
 Instructional 
resources and 
materials 
 
 Student notebooks, pen/pencil 
 Student worksheet 
 Student  notes 
 Projector/ whiteboard  
Assessments & data 
collection  
 Students will turn in their discussion sheet on heating curves 
individually after class discussion is completed. 
 Students will turn in entrance activity on heating curves before 
heating curve discussion activity (will allow the instructor a pre and 
post activity comparison of progress). 
 
 
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-5 
 
 
 
5-10 
 
 
 
 
 
10-30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
30- 45 
  
Entrance activity on phase changes given 
to students.  
 
 
Introduce heating curves discussion 
activity and lay foundation of work for 
students. Teacher will assign small groups 
for students to work. 
 
 
Teacher will guide student thought 
process with questions.  
 
Teacher guiding questions:  
Why is the portion during a phase change 
a vertical line on the energy diagram? 
 
When ice melts, why does the surrounding 
water get colder? 
 
 
What is the difference between potential 
and kinetic energy in the diagram? 
 
 
 
 
Teacher will review activity with students 
and correct any misunderstandings.  
 
Complete entrance activity in partners, go 
over entrance activity with instructor.    
 
 
Students will receive heating curves 
discussion activity and form small groups 
to complete work.  
 
 
 
Students will work in small groups 
together on heating curve discussion 
activity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Students will check group responses with 
instructor. 
  
Teacher will include prompts on where 
and how energy is being used in each part 
of a phase change. 
 
Teacher will ask students to explain the 
difference between potential and kinetic 
energy increases in heating curves overall.  
 
Teacher will ask students to describe what 
is occurring on the particle level at each 
part of the heating curve (use the graph to 
model the physical process).  
 
 
 
 
Students will have the opportunity to ask 
questions, correct misconceptions and 
discuss models with the instructor. 
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Heating Curves Discussion/Activity 
 
Directions: Use the diagram of the heating curve for water below to answer the discussion 
questions that follow. (Use pencil!) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion Questions- Discuss the questions with your elbow partner about the graph. 
1) What are the units of the “x” axis? The “y” axis? 
 
 
 
 
2) What do you think is happening to water as you move along the line in the graph (be 
specific)? 
 
 
 
 
3) Use the word/phrase bank below to label the graph above. Place each word where you think it 
may fit best on the line. Words may be used more than once! (*Star any you do not know.)
Solid 
Liquid 
Gas 
Melting 
Boiling 
Fusion 
Vaporization 
Kinetic energy (KE) ↑ 
No kinetic energy (KE) ↑ 
Temperature ↑ 
No temperature ↑
0 oC 
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 4) Knowing that the substance in the graph is water, why may it be important to know 
where 0oC is on the “y” axis? Is there any other temperature that may be important to 
know? If yes, label where you think it would go on the “y” axis.  
 
 
 
 
 
 
 
5) What do you think, based on your interpretation of the graph, the relationship is 
between temperature and the kinetic energy of water molecules? Provide evidence.  
 
 
 
 
 
 
 
*Challenge questions* If you and your partner get this far in your discussion, you 
can choose to move on to the challenge questions.  
6) Why do you think the slope between B-C and D-E is zero? What is happening to water 
at these points? 
 
 
 
 
 
 
 
 
7) Why might potential energy be discussed in regard to the graph? Would it be discussed 
at all? Defend your answer.  
 
 
 
 
 
 
 
 
8) What question(s) do you still have about the graph? What information do you need to 
know that are not provided to you? 
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Lesson 3: Heat of Fusion and Heat of Vaporization 
 
Central Focus The central focus of the learning segment is for students to use 
calorimetry equations appropriately to calculate the heat of fusion of 
water. Students will model the process in the laboratory setting, and use 
data collected in real time to model the process of fusion mathematically.  
Primary learning 
target  
Students will understand mathematically and conceptually what the value 
for heat of fusion stand for, and how it is derived.  
 
Students will be able to utilize calorimetry  
Content 
Standard(s) 
NYS Physical Setting: Chemistry Core Curriculum  
 
Key Idea 4: Energy exists in many forms, and when these forms change, 
energy is conserved. 
 
4.2 Explain heat in terms of kinetic molecular theory. 
 
4.2a Heat is a transfer of energy (usually thermal energy) from a body of 
higher temperature to a body of lower temperature. Thermal energy is the 
energy associated with the random motion of atoms and molecules.  
 
4.2b Temperature is a measurement of the average kinetic energy of the 
particles in a sample of material. Temperature is not a form of energy.  
 
4.2c The concepts of kinetic and potential energy can be used to explain 
physical processes that include: fusion (melting), solidification (freezing), 
vaporization (boiling, evaporation), condensation, sublimation, and 
deposition. 
Learning objectives  
 
Students will be able to: 
 
iii qualitatively interpret heating and cooling curves in terms of changes in 
kinetic and potential energy, heat of vaporization, heat of fusion, and 
phase changes  
 
iv calculate the heat involved in a phase or temperature change for a given 
sample of matter 
Possible problems Students may struggle with utilizing the required formulas in an 
appropriate manner and order. 
 
Students may need further solidification of the concept of fusion to 
understand the mathematical formula calculated in the laboratory 
exercise.  
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Students may experimentally receive a very different result than the 
accepted value for the heat of fusion, and will need to rationalize this 
difference in order for the experiment to have a solidifying effect.  
  
Instructional 
resources and 
materials 
 
 Laboratory packet: Heat of Fusion 
 Laboratory supplies: Styrofoam cup, thermometer, water, ice, stirring 
rod, paper towels. 
 Writing Utensil 
 Calculator 
Assessments & data 
collection  
 Students will take notes on the topic the day prior and complete an 
entrance activity upon arrival in class as a pre-assessment. 
 Students will turn in completed laboratory experiment to the 
instructor at the end of the lab/class period.  
 
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-5 
 
 
 
 
 
5-10 
 
 
 
 
 
10-15 
 
 
 
 
 
15- 45 
  
Pass out entrance activity, allow students 
time to complete entrance activity. 
 
 
 
 
Teacher will go over entrance activity 
with students and collect as pre-
assessment data for the lab activity 
following.  
 
 
Teacher hands out and introduces 
laboratory on modeling/calculating the 
heat of fusion of ice.  
 
 
 
Instructor monitors student work during 
laboratory exercise and guides students in 
their experimental setup and data 
collection as needed. 
 
Instructor should be able to ask guiding 
questions such as: 
 
Students will complete entrance activity 
using the previous day’s notes and worked 
examples on heat of fusion/ heat of 
vaporization and calorimetry equations. 
  
 
Students follow instructor in correct 
answers for entrance activity and discuss 
with classmates errors and how to 
complete problems. 
 
 
Students take notes on laboratory handout 
for any special instructions during 
instructor’s introduction. 
 
 
 
Students should setup laboratory 
experiment for data collection with group 
members. 
 
Students should carry out the laboratory 
procedure given in order to collect data for 
later calculations. 
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How do you know the ice has fully melted 
other than being able to observe it 
visually?  
 
What sources of error could contribute to 
your experimental result being different 
than the scientifically accepted result for 
the heat of fusion?  
 
How does calculating the amount of heat 
energy lost by the water help us in 
calculating a value for the heat of fusion? 
 
 
Students should work in their group to use 
the data collected to obtain an experimental 
result for the heat of fusion.  
 
Students should compare calculations and 
experimental results with another group 
and discuss any conflicting information 
before asking the instructor.  
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Name________________________________________________ Date______________  
Lab: Modeling the Heat of Fusion of Ice—Datasheet  
Adapted from: CHEMISTRY: A Study of Matter © 2004  
 
Materials - Styrofoam cup, paper towel, thermometer, ice, plastic spoon, balance   
 
Procedure -    
1. Mass an empty cup and record your answer below.  
 
2. Fill the cup half full of water and measure the mass.  Record below. 
 
3. Put your thermometer into the cup of water. Record the temperature as the initial 
temperature.  
 
4. Pat dry several small ice cubes and immediately put them in the cup.  Stir with your 
plastic spoon and record the initial temperature.  
 
5. Add ice as needed until the temperature drops to approximately 0oC.  
 
6. When the temperature stops falling (approximately 0oC) record the final temperature 
and quickly remove the remaining ice with your spoon.  Pour any water left in your 
spoon back into the cup.  
 
7. Mass the cup of water and melted ice and record.   
 
Data -           
mass of empty cup =  ______________ 
mass of cup & water = _______________ 
mass of cup & water & melted ice =  _________ 
initial temperature = _______________ 
final temperature = _____________ 
  
    
Calculations -   Show your work!   
1) Calculate the original mass of the water:    
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2) Calculate the mass of the melted ice:      
 
 
 
 
3) Given the specific heat of water (4.184 J/goC), calculate the energy lost by the 
original water:        
 
 
 
 
4) Since the heat ___________ by the water = the heat used to __________ the ice, 
the heat of fusion of ice (∆Hfus) can be calculated by taking the heat lost by the 
water (calculated above) and dividing by the mass of the melted ice.   
 
∆Hfus =      
 
 
5) Obtain the correct value for ∆Hfus of ice from your teacher and calculate your 
percent error using the equation:       
 
 
% error =  [experimental value - accepted value] / accepted value * 100  
 
 
 
Conclusion- 
 
1) Name two factors that may have contributed to the percent error you calculated 
from your experiment.  
 
 
 
 
 
 
 
 
2) Based on the final units of the value for the heat of fusion of water, what does the 
number you calculated actually represent physically? 
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Lesson: 4 – Combined Gas Law 
 
Central Focus The central focus of the learning segment is for students to explore the 
relationship between volume, pressure, and temperature of a gas in a 
model of their own creation or manipulation. 
Primary learning 
target  
Students will be able to describe how changes in one property of a 
gaseous system affect the other two.  
Content 
Standard(s) 
NYS Physical Setting: Chemistry Core Curriculum  
 
3.4c Kinetic molecular theory describes the relationships of pressure, 
volume, temperature, velocity, and frequency and force of collisions 
among gas molecules. 
 
3.4e  Equal volumes of gases at the same temperature and pressure 
contain an equal number of particles 
Learning objectives  
 
3. Students will use an online simulation program to explore the 
effect of changing pressure, temperature, and volume has on the 
behavior of gas particles, and record their results in their 
laboratory notebook. 
4. Students will have a short discussion with group members on how 
they will design their own model to demonstrate the relationship 
between two of the three variables that can affect the behavior of 
gases. 
Possible problems Student prior knowledge may not be concrete enough to develop a model 
independently within a small group. 
 
Students may not be able to connect their observations of the model to the 
mathematical relationships between pressure, volume, and temperature in 
the gas laws.  
Instructional 
resources and 
materials 
 
 Student notebooks, computer, pen/pencil, project notes.  
Assessments & data 
collection  
 Students will turn in laboratory notebooks with required information 
filled out on model simulation. 
 Students will turn in form on project proposal and ides for individual 
model creation. 
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Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
0-5 
 
 
 
 
 
5-10 
 
 
 
 
 
 
 
10-30 
 
 
 
 
 
 
30- 
45 
Teacher guided entrance activity on 
combined gas law to review prior days’ 
concepts. 
 
 
 
Assign student groups and computer for 
simulation of gas laws. 
 
https://phet.colorado.edu/en/simulation/gas-
properties  
 
 
 
Teacher will guide student focus as they 
step through the computer based simulation 
on combined gas law. 
 
 
 
 
Teacher will assign project groups and re-
organize students to be sitting with 
partners. 
 
 
Teacher will step thought project 
requirements and guidelines with students 
to set expectations. 
 
Complete formative assessment (entrance 
activity) on combined gas law. 
 
Self-reflection on knowledge of combined 
gas law.  
 
 
Students will go to assigned computers, 
and bring up simulation of combined gas 
laws.  
 
 
 
 
Students will go through simulation step by 
step, recording all data.  
 
Students will draw conclusions of how 
temperature, pressure, and volume are 
related  
 
Students will work in groups and decide on 
what relationship they will model 
independently for upcoming project. 
 
 
Students will record initial ideas for project 
and turn them in to the instructor before 
leaving class.  
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Lesson: 5- Separating Mixtures 
 
Central Focus The central focus of the learning segment is for students to utilize their 
knowledge of physical properties of matter in creating a plan to separate a 
mixture of four substances completely.  
 
Primary learning 
target  
Students will be able to describe how physical properties of a substance 
contribute to how they able to be separated once mixed together.   
Content 
Standard(s) 
NYS Physical Setting: Chemistry Core Curriculum  
 
3.1w Elements can be differentiated by physical properties. Physical 
properties of substances, such as density, conductivity, malleability, 
solubility, and hardness, differ among elements. 
 
5.2n Physical properties of substances can be explained in terms of 
chemical bonds and intermolecular forces. These properties include 
conductivity, malleability, solubility, hardness, melting point, and boiling 
point. 
 
Compounds can be differentiated by their chemical and physical 
properties. (3.1dd) 
 
 
Learning objectives  
 
Students should be able to:  
 
Describe the process and use of filtration, distillation, and 
chromatography in the separation of a mixture (3.1xxiv) 
 
Discuss differences in properties such as density, particle size, molecular 
polarity, boiling point and freezing point, and solubility permit physical 
separation of the components of the mixture. 
Possible problems  Students may create a procedure that is more time consuming than 
laboratory or class time allows.  
 
Students may not have enough background knowledge on the specific 
substances’ physical properties in order to be comfortable in their plan 
design.  
 
Students will be able to use equipment and materials that are new to them 
personally, that may need additional explanation or modeling by the 
instructor.  
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Instructional 
resources and 
materials 
 
 Laboratory Handout 
 Laboratory materials for investigation (listed on lab handout) 
 Writing Utensil 
 Digital Balance 
 Mixture of sand, salt, poppy seeds, and iron filings 
Assessments & data 
collection  
 Students will turn in laboratory handout at the completion of their 
investigation to instructor. 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
 
 
 
 
 
10-45 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Instructor hands out laboratory packet on 
mixture separation. 
 
Instructor forms student groups 
thoughtfully and allows groups 5 minutes 
to formulate a plan for their separation 
utilizing the materials listed in the handout. 
 
 
Instructor will guide students through their 
independent activity with guiding 
questions, not direct instruction. 
 
Modeling and separation procedure should 
be student centered in order to maximize 
student understanding of the process.  
 
Instructor may ask question such as: 
 
What do we know about (one of the pieces 
of the mixture) that is different than the 
other substances present? 
 
Are there any materials you need that are 
not provided to you? 
 
 
Students work in group to develop a plan 
to separate their mixture based on their 
prior knowledge of the physical properties 
of the substance.  
 
 
 
 
 
Students will use their formulated plan in 
their laboratory procedure to separate the 
materials provided to them.  
 
Students will discuss in their own group 
how to problem solve any procedural 
issues they encounter.  
 
Students will weigh their final products 
separately and record the mass of each.  
 
Students will complete the conclusion 
questions in the laboratory exercise before 
handing in their lab handouts.  
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Name_____________________________________________ Date_________________ 
Lab Investigation Modeling Mixture Separation 
 
Objective 
 1. Students will create a method to separate out a mixture of common materials. 
Introduction 
 Separation and recover of pure substances are extremely important operations of 
scientific research and industry, but separating the different components in a mixture can 
often prove quite challenging. In this investigation, you will have an opportunity to 
design, develop, and implement your own procedure in an attempt to separate and 
recover the components of a mixture. The mixture contains the following four substances 
in dry granular form: salt, sand, iron filings, and poppy seeds. 
 Scientists use the physical properties of a substance in order to decide on methods 
applicable for separating or combining mixtures. The mixture of substances provided to 
you and your lab group contains four common substances with unique physical properties 
that will aide in your attempt to separate them. 
Procedure 
A. Part 1: Pick up Materials 
1. At each lab 
i. Petri dishes 
ii. Well 
iii. Micro funnel 
iv. Clear tape 
v. 60g of mixture in 
test tube 
 
2. At the head table 
i. Cellophane 
ii. Test tubes 
iii. Rubber Stoppers 
iv. Aluminum Foil 
v. Wood Splints 
vi. Plastic Forks 
vii. Plastic Spoons 
viii. Pipets 
ix. Filter Funnels 
 
 
 
 
 
 
 
 
 
 
 
 
x. Filter Papers 
xi. Forceps 
xii. Tissue Paper 
xiii. Paper Towels 
xiv. Plastic Straw 
xv. Paper Clips 
xvi. Distilled water 
xvii. Magnet 
xviii. Hot Plate 
xix. Beakers 
xx. Evaporating Dish 
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B. Part 2: Your Procedure 
Normally there would be a procedure written here however being that this is your lab 
investigation. You are to write down a procedure that explains your steps that you will 
use to separate the mixture. This can in the space provided below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
C. Part 3: Your Results 
1. As you separate your pure substances, which can be done tomorrow. You will 
need to bring them to me. 
2. I will observe and weigh your results on a balance. Percentages will be taken 
away for impure results. 
3. The percentages below will be added up and the group with the highest 
percentage will win. 
 
Sand ________ Salt ________  Fe Filings ________ Poppy Seeds _______ 
 
4. Clean up all lab materials at the end of lab. 
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Conclusions/ Questions 
1. In your estimation, how successful were you (on a scale of 1-10) in separating and 
recovering each of the four components: Sand, Salt, Fe Filings, and Poppy Seeds? 
Justify your estimations of your success, based on your observations. 
 
 
 
 
 
 
 
 
2. What made you decide to do your procedural steps in the order in which you did 
them? Would any order have worked? 
 
 
 
 
 
 
 
 
 
3. If you were able to do the lab over again, what specific things would you do 
differently? 
 
 
 
 
 
 
 
 
4. Name two materials or tools that weren’t available that might have made your 
separation easier. 
 
 
 
5. For each of the four components, describe a specific physical property that enabled 
you to separate it from the rest of the mixture. 
 
 
 
 
 
 
46 
Unit 2: Atomic Structure 
 
Unit Overview 
Lesson: Examples of Modeling 
Practices 
Research-based Rationale 
1- History of the 
Atom 
Students read about the history 
of the atoms. 
 
Students complete activity on 
diagramming the different 
models of the atom as they were 
developed, become familiar with 
the key difference between them.   
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
The use of models in science education 
supports meaningful teaching and 
learning processes. (Cokelez, 2011) 
 
2- Subatomic 
Particles and Atomic 
Structure 
Student complete laboratory 
activity modeling different 
concepts and properties of 
subatomic particles. 
 
Students participate in group 
discussion on the topic of 
subatomic particles.  
Teachers are challenged with integrating 
scientific talk into the learning 
experiences of students. (Alozie, 2014) 
 
Modeling (both mechanical and computer 
simulation) and scenario building 
(including thought experiments) play an 
important role in the development of 
scientific knowledge. (Schwartz, 2009) 
 
3- Isotopes Students model atomic mass 
calculation through formulas and 
mathematical practice. 
 
Teacher diagrams and 
calculations in guided notes to 
model the process of calculating 
average atomic mass.  
 
Models provide a means for making this 
transition (moving from concrete to 
abstract) and support students in 
constructing relationships that form the 
basis for using graphs, tables, and 
formulas. (Carrejo, 2014) 
 
Experience plays a central role in 
affording students the ability to construct 
meaning about what they learn. (Carrejo, 
2014) 
 
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
 
4- Average Atomic 
Mass 
Students perform a laboratory 
activity to model the relationship 
between isotopes, and how 
average atomic mass is 
calculated.   
Modeling (both mechanical and computer 
simulation) and scenario building 
(including thought experiments) play an 
important role in the development of 
scientific knowledge. (Schwartz, 2009) 
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
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through assimilation and accommodation. 
(Carrejo, 2014)  
 
5- Electromagnetic 
Spectrum, Ground/ 
Excited States 
Students perform a laboratory 
experiment to observe the 
relationship between electron 
configuration and observed 
energy transition.   
Experience plays a central role in 
affording students the ability to construct 
meaning about what they learn. (Carrejo, 
2014) 
 
Modeling (both mechanical and computer 
simulation) and scenario building 
(including thought experiments) play an 
important role in the development of 
scientific knowledge. (Schwartz, 2009) 
 
Models are bridges that connect concrete 
learning by using physical objects to 
correspond to abstract ideas. (Carrejo, 
2014) 
 
Image Citations 
Image from Microsoft Word 2013 
http://o.quizlet.com/3yxu8eHnBb2zk5E.ZO53Ew_m.png  
https://www.fnal.gov/pub/inquiring/timeline/images/thomson.jpg  
http://www.daviddarling.info/images/Rutherford_gold-foil_experiment.jpg 
http://aoc.mcgill.ca/sites/aoc.mcgill.ca/files/imagecache/Large/ernest_rutherford.jpg  
http://38ccda.medialib.glogster.com/media/82b48c50a03695deba9c7ab7b5d3da7fbd817de881751642f
269fa40dbe97f48/electron-cloud-model.jpg  
https://upload.wikimedia.org/wikipedia/commons/6/6c/Protium_deuterium_tritium.jpg 
https://upload.wikimedia.org/wikipedia/commons/thumb/f/f1/EM_spectrum.svg/1280px-
EM_spectrum.svg.png  
http://quantumwavepublishing.com/wp-content/uploads/2012/10/spectra21.jpg 
http://www.learner.org/interactives/periodic/images/ch_2_p_orbital.jpg 
http://www.mikeblaber.org/oldwine/chm1045/notes/Struct/Orbitals/d_orbital.gif  
http://users.stlcc.edu/gkrishnan/fillingOrder_2.gif 
http://sciencewitheberhart.weebly.com/uploads/2/1/7/1/21711460/3427790.png?874  
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Lesson: 1- History of the Atom 
 
Central Focus The focus of the lesson will be on the development of the current model 
of the atom, and the history of atomic theory as it pertains to modern day 
atomic theory. 
Primary learning 
target  
Students will understand the structure of the atom is its applicable 
subatomic particles.  
Content 
Standard(s) 
3.1 Explain the properties of materials in terms of the arrangement and 
properties of the atoms that compose them.  
 
i Use models to describe the structure of an atom  
 
ii Relate experimental evidence (given in the introduction of Key Idea 3) 
to models of the atom iii determine the number of protons or electrons in 
an atom or ion when given one of these values 
 
Major Understandings:  
3.1a The modern model of the atom has evolved over a long period of 
time through the work of many scientists.  
 
3.1b Each atom has a nucleus, with an overall positive charge, surrounded 
by negatively charged electrons.  
 
3.1c Subatomic particles contained in the nucleus include protons and 
neutrons.  
 
3.1d The proton is positively charged, and the neutron has no charge. The 
electron is negatively charged.  
 
3.1e Protons and electrons have equal but opposite charges. The number 
of protons equals the number of electrons in an atom. 
 
Learning objectives  
 
Students should be able to: use models to describe the structure of an 
atom (3.1i) 
 
Determine the number of protons or electrons in an atom or ion when 
given one of these values (3.1iii) 
 
Possible problems Students may confuse models of the atom and the order of their 
development.  
The Bohr model and the Wave Mechanical Model of the atom are both 
still used, thought the Wave Mechanical Model is out of the realm of 
Regents level Chemistry expectations, though more accurate. Students 
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may not understand why they learn about the Wave Mechanical Model 
but do not use it in later in the curriculum.  
 
Instructional 
resources and 
materials 
 
 Reading on the different models of the atom: 
http://www.regentsprep.org/Regents/physics/phys05/catomodel/defau
lt.htm 
 Student Worksheet 
 Laptops 
 Writing Utensil  
Assessments & data 
collection  
 Students will turn in their work packet when completed in small 
groups. 
 Students will complete entrance/exit ticket on atomic structure in the 
form of a KWL chart. 
 Teacher will formatively assess students based on group interactions 
as observed for individual students, and will ask probing questions to 
gauge understanding of atomic structure. 
 Quiz and exam for summative assessment. 
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-5 
 
 
 
 
5-25  
 
 
 
 
25-30 
 
 
25-45 
 
 
 
Teacher introduces entrance activity and 
guides students in filling out they know and 
what they want to know in the KWL chart.  
 
 
Teacher will go through notes on the 
history of the atom with students and have 
them fill in the guided notes on the 
material.  
 
Teacher introduces website for student 
exploration on the history of the atom.  
 
Teacher hands out questions on history of 
the atom and atomic structure as formal 
assessment of the class period of work. 
 
 
 Entrance activity, students fill out the 
KWL chart on what is known and what 
they want to know with the history of the 
atom and atomic structure. 
 
Students will fill in notes on the history of 
the atom and guided notes. 
 
 
 
Students will use laptops to explore 
website on atomic structure. 
 
Students will fill out questions after 
exploration of atomic structure 
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Unit 2: Introduction to the Atom 
 
 
Vocabulary: 
• Atom    Excited State   Neutrons 
• Atomic mass   Ground State   Nucleus 
• Atomic mass unit  Heterogeneous  Orbital 
• Atomic number  Homogeneous   Proton 
• Compound   Isotope   Pure substance 
• Electron   Mass Number   Valence 
• Element   Mixture   Wave-mechanical  Model 
Guiding Questions:  
• How do significant figures and the metric system help us as scientists to quantify and 
organize our data? 
• How did early studies of the atom contribute to the modern day model we now use in 
Chemistry? 
• What are the individual properties of the subatomic particles in terms of charge and 
mass? 
• How do we calculate an average atomic mass for an element from its isotopes? 
• What is the difference in terms of energy absorption and release between the ground state 
and the excited state of an atom? 
• What are the different types of mixtures and how are they classified? 
 
Scientific Notation 
• Scientific notation is used to express very ___________ or very _____________ 
numbers in a more compact manner with a base unit of 10. 
• The first number must be between 1 and 10. 
• Example 0.000009823 grams = 9.823 X 10 -6  
• Example 456,900,000 cm = 4.569 x 10 8 cm 
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Practice 
• A) 0.000043 L 
• B) 743,100 g 
• C) 3.62 x 10 3 J 
• D) 8.25 x 10 -4 g 
• E) 10.43 x 10 -7 cm 
• F) 634,503,000,000 M 
Calculations with Scientific Notation 
• Addition 
• 1.0 x 102 + 1.0 x 103 =1.0 x 105? 
• 100+1000 = 100,000…. Not really! 
• So: 1.0 x 102 + 10.0 x 102 = 11 x 102, or 1100. 
• Multiplication: 102 x 103 = 105 
• Division: 102/103 = 10-1 
Practice: 
• A) (5.03 x 106) x (2.18 x 10-5) 
• B) (1.0 x 107) + (1.0 x 109) 
• C) (3.14 x 1012)/(5.62 x 1015) 
 
Metric Units 
• In chemistry we will generally only use _______________ units of measurement. 
• Reference Tables C and D provide typical units of measurement and their 
____________________ factors. 
• Example: There are how many cm in 1050 km? 
• Example: There are how many L in 214 mL? 
 
Dimensional Analysis 
• Dimensional analysis allows us to get from one _______________ to another.  
• Think metric to English, or ounces to gallons.  
• Most often we will convert _____________ to ______________. 
• The way we get from one unit to the next is with a 
__________________________ factor (c.f.) 
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• Example: 15 cm =      ? M 
• 15cm  (0.0001 M /cm)  
• = 0.015M 
Practice 
• How many seconds are in a day? 
 
 
 
 
Significant Figures 
• The significant figures of a number are those ________________ that carry meaning 
contributing to its precision. This includes all digits except: 
• All leading zeros; 
• Trailing zeros when they are merely ________________________ to indicate the scale of 
the number 
 
Rules 
• A _____________________ number has set amount of figures that are significant.  
• Exact numbers have an _________________ number of significant figures. 
• 1) Leading zero DO NOT count. 
• 2) Trailing zeros DO NOT count unless there is a _____________________.  
• 3) Sandwiched zeros ALWAYS count. 
 
Sig fig’s… 
• What does this mean exactly?  
• 234,500 
• 4,002 
• 0.0894 
• 7.8900 
• 457,890.00 
 
Sig fig’s in Calculations 
• When deciding on significant figures in calculations, there are rules for how many figures 
the answer should have. 
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• When multiplying or dividing, the answer will have the ______________ number 
of significant figures as the number used in the calculation with the lowest.  
• When adding or subtracting, the answer will have the lowest number of decimal 
places as the ____________________ factor used. 
 
Examples, Practice 
• Example 1) 123 + 5.35 = 128  
• Example 2) 1.001 + 0.0031 = 1.004 
• Example 3) 2.41 x 5.6787 = 3.69 
• Try: 1.456 + 67.3 = 
• Try: 16,789 / 24.56 =  
 
 
I) Step 1: Imagining the Atom 
• In the late 1700’s John Dalton theorized that the basic unit of matter was a tiny 
___________________________ called the atom. 
 
• His theory has four main points… 
• 1) All elements are composed of _____________________ atoms.  
• 2) All atoms of a given element are ___________________. 
• 3) Atoms of different __________________ have different masses. 
• 4) Compounds are found by the combining of atoms of different elements. 
II) Step 2: Atomic Structure 
• There have been numerous experiments conducted between 1803 and present day that 
have contributed to our understanding of the atom and its true __________________. 
• J.J. Thompson – used a cathode ray tube to show smaller units in an atom, which then led 
to the development of the ___________________ model of the atom (1803) and the idea 
of the electron. 
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Step 2 (Continued) 
• Ernest Rutherford – wanted to know what exactly made up the rest of the atom (besides 
electrons). Conducted the infamous ________________ experiment. 
• Theorized if plum pudding was correct, alpha particles directed at a sheet of gold foil 
would pass through with few deflected. He found some were greatly deflected and some 
even bounced back, this led to the hypothesis of a dense neutral core called the 
______________. Most of the atom was concluded to be _____________________. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
III) Step 3: Protons and Neutrons 
• Scientists concluded that must be a _________________ charge present in the atom, 
these positive charges are known as protons and are found in the nucleus. 
• Later on additional particles were discovered that were ________________ and were 
later named neutrons, also found in the nucleus. 
 
IV) Step 4: Modern Atomic Theory 
• The _______________________ or Bohr model of the atom was introduced by Niels 
Bohr in 1913. 
• Depicts the atom as having a positively charged center with electrons in 
circles or _________________ around the center. (Energy levels)! 
• These shells are numbered 1-7 as you work outward, and hold _________ 
electrons each with the exception of the 1st shell that holds 2 electrons.  
• The outer shell of an atom will never have more than _____ electrons and these 
electrons are called valence electrons. 
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Step 4 (Continued) 
• The Wave-Mechanical Model of the atom: 
• Subatomic particles became known to have __________________ on top of their 
mass-type properties.  
• Nucleus looks the same, is dense and positively 
charged.  
• Electrons are not depicted as having fixed orbits 
around the nucleus but instead are pictured in clouds or 
as having distinct amounts of energy moving in areas 
called ____________________. 
• An orbital is a region in which an 
_________________ is most likely to be found.  
 
V) Subatomic particles 
• Protons- positively charged particles found in the nucleus of an atom. They weigh 
1.67x10-24g.  
• We use atomic mass units to represent this number, and a proton weighs _______ amu. 
• Neutrons- neutral particles found in the nucleus, weight _______ amu. 
• Electrons- negatively charged particles found outside the nucleus, and weigh 
___________ amu.  
 
 
***Atomic Notation 
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VI) Isotopes 
• Atoms of a given element must all contain the same number of protons____________, 
the number of neutrons may vary. Represented as H, H-1, and H-2 respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VII) Atomic Mass 
• Mass number is sum of _____________________ in the nucleus.  
• Why do you think that there are no whole numbers for masses on the periodic table…? 
 
 
 
Average Atomic Mass Calculations 
To calculate an element’s ______________________: 
 
(exact weight of isotope #1) (abundance of isotope #1) +  (exact weight of isotope #2) 
(abundance of isotope #2) = average atomic weight of the element 
 
Example: 
You are given a sample containing 98% carbon-12 and 2% carbon-13.  
  
What is the relative atomic mass of the element? 
• 0.98 x 12 = 11.76 
0.02 x 13 = 0.26 
• For the final answer, add these together: 
• 11.76 + 0.26 = 12.02 g/mo 
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Examples 
• Calculate the average atomic mass of lithium, which occurs as two isotopes that have the 
following atomic masses and abundances in nature: 6.017 amu, 7.30% and 7.018 amu, 
92.70%. 
 
 
• Hydrogen is 99% 1H, 0.8% 2H, and 0.2% 3H.  Calculate its average atomic mass. 
 
 
VIII) Electrons 
 Electrons are found in specific ____________ around the nucleus (also known as energy 
levels). 
 
 Electrons may move or drop to a different energy level if they absorb or release a specific 
amount of ___________________________. 
 
 
 
 
 
 
 
 
 
 
 
 
IX) Ground and Excited States 
• Ground state- atoms are said to be in the ground state when their electrons occupy the 
lowest available orbitals. 
• Na in the ground state: 2-8-1  
• Na in the excited state? 
• Excited state- when atoms in the ground state absorb energy from heat, light or 
electricity, the electrons temporarily move to a higher energy level.  
• When an electron returns, it emits the energy in the form of light.  
• http://www.youtube.com/watch?v=wzkWmqVyHd0  
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X) Electromagnetic Spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Photon- Particle of light that has wave-like and particle-like properties.  
 
 
XI ) Wavelength and Frequency 
 Light moves with a speed:  
 c = 3 x 108 m/s. 
 We denote wavelength by: 
 
 Frequency is how many complete ______________ go by per second. We denote 
frequency by: 
 
 Frequency is measured in Hertz = Hz = 1/seconds. 
 The relationship between light, wavelength and frequency is shown by the equation:  
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XII) Emission Spectra 
 Excited atoms emit only certain frequencies, and when these are placed as discreet lines 
along a frequency scale an atomic _____________________ spectrum is formed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
XIII) Electron Arrangement 
• The arrangement of the outer electrons (_______________) in an atom is what is 
responsible for its behavior chemically.  
• Electrons are sorted into ________________________, and then sublevels called 
orbitals.  
• The four orbital types are s, p, d and f.  
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XIV) Orbital Notation 
• 1s2 describes the:  
• first energy level,  
• the s orbital and…  
• 2 electrons in the orbital. 
*Four orbital types: s, p, d and f. 
S orbital- holds __________ electrons 
p orbital- holds __________, two in each subtype. 
d orbital – holds __________, two in each subtype. 
f orbital- holds _________, two in each subtype. 
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XV) Orbital Filling 
Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
XVI) Types of 
Matter 
• Heterogeneous 
mixtures- mixture made up of parts, has ___________________ composition.  
• Examples: …? 
 
 
• Homogeneous mixtures- matter that appears ________________ and has no 
distinguishable parts.  
• Examples: …? 
 
 
 
 
 
 
 
 
XVII) Pure Substances 
• Elements- are substances that cannot be broken down or ___________________ into 
simpler components by chemical means.  
• Compounds- composed of two or more ___________________ that are chemically 
combined in definite proportions. 
• Law of definite proportions- types of atoms in a compound exist in a 
______________ ratio.  
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• Example: Water can be decomposed into two elements with a mass ratio 
of 1:8. 
 
 
XVIII) Mixtures 
• Mixtures- ________________________ of two or more pure substances that can be 
separated by physical means.  
• Can be heterogeneous or homogeneous.  
• Different than compounds in that their composition is not ________________ or 
fixed.  
• Examples of mixtures…? 
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Name_______________________________________________ Date_____________________ 
Entrance Activity: Atomic Structure 
 
Directions: at the start of class, fill in the “what you know” and “what you want to know” 
sections of the KWL chart based on the topic of history of the atom, and atomic structure. At the 
end of class, fill out the what you learned column, be specific with vocabulary and examples. 
 
Key words that have to do with the Unit (may spark some memories!): Nucleus, Proton, Neutron, 
Electron, Energy Levels, Atomic structure. 
 
 
What you KNOW 
 
What you WANT to know 
 
What you LEARNED 
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Name_________________________________________________ Date___________________ 
Exploring Atomic structure and The History of the Atom 
 
Directions: With your group member go to the following website to review the models of the 
atom we discussed today in class. If you use any other website, be sure to include the URL 
below. 
 
http://www.regentsprep.org/Regents/physics/phys05/catomodel/default.htm 
http://www.everythingmaths.co.za/science/grade-10/04-the-atom/04-the-atom-02.cnxmlplus 
 
Additional resources used: 
 
 
 
 
*Fill in the table on each model of the atom as per the information you gathered in class today 
through notes and website exploration. 
 
 
Model of the Atom Experiments that led 
to development… 
Key Features Diagram/ Drawing 
Plum Pudding    
Rutherford    
Bohr 
(Planetary) 
   
Wave-Mechanical 
(Cloud) 
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Lesson 2- Subatomic Particles and Atomic Structure 
 
Central Focus Focus of the lesson is on the particles that compose the atom and their role 
in atomic structure. 
Primary learning 
target  
Students will be able to discuss the subatomic particles (neutron, proton 
and electron) in terms of charge, mass and location in the atom. 
Content 
Standard(s) 
3.1 Explain the properties of materials in terms of the arrangement and 
properties of the atoms that compose them.  
 
i Use models to describe the structure of an atom  
 
Major Understandings:  
3.1a The modern model of the atom has evolved over a long period of 
time through the work of many scientists.  
 
3.1b Each atom has a nucleus, with an overall positive charge, surrounded 
by negatively charged electrons.  
 
3.1c Subatomic particles contained in the nucleus include protons and 
neutrons.  
 
3.1d The proton is positively charged, and the neutron has no charge. The 
electron is negatively charged.  
 
3.1e Protons and electrons have equal but opposite charges 
Learning objectives  
 
Students should be able to: use models to describe the structure of an 
atom (3.1i) 
 
Determine the number of protons or electrons in an atom or ion when 
given one of these values (3.1iii) 
 
Discuss subatomic particles in terms of mass, charge, and location in an 
atom. 
 
 
Possible problems  Students may confuse mass and charge of subatomic particles, especially 
the electron which has a mass of zero amu.  
 
Students may need clarification on location of the subatomic particles, 
electron location varies based on the model of the atom, for all intents and 
purposes the Bohr model should be used. 
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Instructional 
resources and 
materials 
 
 Cotton balls, beads, markers, yarn, other craft supplies as necessary. 
 Writing Utensil 
 Magnets 
 Worksheet (from instructor) 
Assessments & data 
collection  
 Entrance Activity for pre-assessment on subatomic particles. 
 Worksheet and modeling activity on subatomic particles. 
 Quiz and exam for summative assessment.  
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-5 
 
 
 
5-15 
 
 
15-20 
 
 
20-45 
 
Entrance activity on subatomic particles 
will be given, teacher can gauge student’s 
prior understanding.  
 
Notes on subatomic particles given to 
students in guided notes packet.  
 
Modeling activity is handed out to students 
and explained by the instructor.  
 
Teacher observes and directs student 
though process and behavior. 
 
 Students will work on entrance activity 
and turn in to the instructor for pre-
assessment collection. 
 
Students will collect notes in note packet as 
instructor informs. 
 
Students receive modeling activity and are 
guided by instructor in directions. 
 
Students participate in guided modeling 
activity for subatomic particles in the atom, 
questions are directed to the teacher and 
students work in small groups for 
completion.  
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Name _________________________________________________________ Date___________ 
Modeling Subatomic Particles Activity 
 
Directions: Follow and fill in the tables and questions below as you go through the stations to 
model different properties of subatomic particles.  
 
*Station 1-Charge: Review the charges of subatomic particles. Using the magnets and metals, 
answer the following questions about the charges of the three subatomic particles. 
 
1) The charges of the subatomic particles are:  
 
________ electron ________ neutron ________ protons 
 
2) What particle interaction does touching the north and south ends of magnet together model? 
(Touch the ends of the magnets at the station).  
 
__________________________ and __________________________ 
 
3) a. What particle interaction does touching the north and north ends of a magnet together 
model? (Touch the ends of the magnets at the station) 
 
__________________________ and __________________________ 
 
b. How does the interaction prove the necessity of neutrons in the nucleus?  
 
 
 
 
 
 
4) a. As you stick the north and south ends of the magnet together, slowly pull the magnets apart. 
What happens to the strength of the attraction as the magnets are pulled further and further apart? 
 
 
 
 
 
 
b. What does this interaction mean for the attraction of electrons to the nucleus of an atom? Be 
specific, not all electrons are the same distance from the atomic nucleus! 
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*Station 2- Mass: Review the masses of subatomic particles. Using the materials provided, 
answer the following questions about the masses of the three subatomic particles. 
 
Masses-  electron: 9.108 X 10-28g     proton: 1.6726 X 10-24 neutron: 1.675 X 10-24g 
 
 
1) The masses of the subatomic particles are (in amu):  
 
________ electron ________ neutron ________ protons 
 
2) The mass of a proton and neutron is _______________ times greater than that of an electron. 
 
 
 
 
3) Most of an atom’s mass comes from __________________ and ____________________. 
 
 
4) Of the items at you station, pick three that you think represent the comparative masses of each 
of the three subatomic particles. Mass each of them on the balance provided at the station, list the 
items and masses below: 
 
Proton representation:      Mass:  
 
 
 
Electron representation:      Mass:  
 
 
 
Neutron representation:     Mass: 
 
 
 
5) Divide the mass of the item representing the proton by the mass of the item representing the 
electron and write the number below: 
 
______________________ 
 
 
6) According to your calculation in question 2, are the items you picked accurate representations 
of mass for the subatomic particles? If not, what items can you think of that would be more 
accurate? 
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Lesson 3- Isotopes 
 
Central Focus The learning focus of this lesson is on atomic isotopes and isotope 
notation.  
Primary learning 
target  
Students will understand at an atomic level why isotopes are different 
from each other while being identified at the same element.  
Content 
Standard(s) 
3.1g The number of protons in an atom (atomic number) identifies the 
element. The sum of the protons and neutrons in an atom (mass number) 
identifies an isotope. Common notations that represent isotopes include: 
14C, 14C, carbon-14, C-14 
 
3.1m Atoms of an element that contain the same number of protons but a 
different number of neutrons are called isotopes of that element.  
 
3.1n The average atomic mass of an element is the weighted average of 
the masses of its naturally occurring isotopes.  
 
3.1o Stability of an isotope is based on the ratio of neutrons and protons in 
its nucleus. Although most nuclei are stable, some are unstable and 
spontaneously decay, emitting radiation. 
 
Learning objectives  
 
Students should be able to:  
 
x interpret and write isotopic notation 
  
xi given an atomic mass, determine the most abundant isotope  
 
xii calculate the atomic mass of an element, given the masses and ratios of 
naturally occurring isotopes 
 
 
Possible problems Students may confuse atomic number with mass number of an element, 
complicating their identification of isotopes. 
 
Students may find the concept of average atomic mass confusing at first, 
weighted mass is calculated differently than a regular average. 
 
Instructional 
resources and 
materials 
 
 Entrance Activity 
 Guided notes on isotopes, and average atomic mass. 
 Writing Utensil. 
 Worksheet for calculating isotopes. 
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Assessments & data 
collection  
 Entrance activity for formative pre-assessment of knowledge of 
isotopes and subatomic particles. 
 Worksheet on calculating average atomic mass. 
 Teacher observations of student discussion and  
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-5 
 
 
5-25 
 
 
 
25-45 
 
 
 
 
Entrance Activity given to students on 
isotopes and subatomic particles. 
 
Guided notes given to students on isotopes, 
isotope notation and average atomic mass. 
 
 
Teacher hands out worksheet on average 
atomic mass, and sets the stage for the lab 
the following day. 
 
 Students complete entrance activity and go 
over with teacher post-completion. 
 
Students write down guided notes while 
teacher is lecturing, asking any questions 
that arise in the process for clarification.  
 
Students work with a desk partner on 
completing average atomic mass 
calculations and ask the instructor to 
clarify any misconceptions.  
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Name  __________ Date   
Average Atomic Mass Worksheet 
 
Calculate the average atomic masses.  Round all answers to two decimal places. 
 
1. What is the atomic mass of hafnium if, out of every 100 atoms, 5 have a mass of 176, 19 
have a mass of 177, 27 have a mass of 178, 14 have a mass of 179, and 35 have a mass of 
180.0? 
 
 
 
 
 
 
 
 
2. Iodine is 80% 127I, 17% 126I, and 3% 128I.  Calculate the average atomic mass of iodine. 
 
 
 
 
 
 
 
 
 
 
3. Calculate the average atomic mass of gold with the 50% being gold-197 and 50% being 
gold-198. 
 
 
 
 
 
 
 
 
 
4. Calculate the average atomic mass of lithium, which occurs as two isotopes that have the 
following atomic masses and abundances in nature: 6.017 amu, 7.30% and 7.018 amu, 
92.70%. 
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5. Hydrogen is 99% 1H, 0.8% 2H, and 0.2% 3H.  Calculate its average atomic mass. 
 
 
 
 
 
 
 
 
6. Calculate the average atomic mass of magnesium using the following data for three 
magnesium isotopes. 
       Isotope  mass (u)  relative abundance 
       Mg-24              23.985    0.7870 
       Mg-25              24.986    0.1013 
       Mg-26              25.983    0.1117 
 
 
 
 
 
 
7. Calculate the average atomic mass of iridium using the following data for two iridium 
isotopes. 
Isotope  mass (u)  relative abundance 
Ir-191   191.0    0.3758 
Ir-193   193.0    0.6242 
 
 
 
 
 
 
 
 
8. Lithium has two naturally occurring isotopes: lithium-6 and lithium-7.  If the average 
atomic mass of lithium is 6.941 amu, which isotope is the most abundant?  How do you 
know? 
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Lesson 4- Average Atomic Mass 
 
Central Focus The learning focus of this lab is to use different type of M&M’s to model 
the relationship between isotopes of an element. 
Primary learning 
target  
Students will understand the nature of isotopes and calculating average 
atomic mass based on percent of isotope abundance. 
Content 
Standard(s) 
3.1g The number of protons in an atom (atomic number) identifies the 
element. The sum of the protons and neutrons in an atom (mass number) 
identifies an isotope. Common notations that represent isotopes include: 
14C, 14C, carbon-14, C-14 
 
3.1m Atoms of an element that contain the same number of protons but a 
different number of neutrons are called isotopes of that element.  
 
3.1n The average atomic mass of an element is the weighted average of 
the masses of its naturally occurring isotopes.  
 
3.1o Stability of an isotope is based on the ratio of neutrons and protons in 
its nucleus. Although most nuclei are stable, some are unstable and 
spontaneously decay, emitting radiation. 
 
 
Learning objectives  
 
Students should be able to:  
 
x interpret and write isotopic notation 
  
xi given an atomic mass, determine the most abundant isotope  
 
xii calculate the atomic mass of an element, given the masses and ratios of 
naturally occurring isotopes 
 
Possible problems  Students may not fully understand how isotopes are used in real life, 
which hinders their understanding of isotopes on a theoretical level.  
 
Students may never have calculated a weighted average prior, and may try 
to calculate the same was as taking the mean of a data set.  
 
M&M’s do not allow for the distinction of different numbers of neutrons 
to be modeled, just different masses overall, so this must be made known 
to students prior to lab completion.  
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Instructional 
resources and 
materials 
 
 M&M Isoptope lab adapted from: 
http://webcache.googleusercontent.com/search?q=cache:jMND1wp1
mJMJ:www.myips.org/cms/lib8/IN01906626/Centricity/Domain/812
3/MandM%2520Isotope%2520Lab.docx+&cd=1&hl=en&ct=clnk&g
l=us  
 Plain and Peanut M&M’s  
 Triple beam balance 
 Writing Utensil 
 Calculator 
 Entrance Activity 
Assessments & data 
collection  
 Entrance activity to review process of calculating average atomic 
mass. 
 Laboratory write-up and calculations as summative assessment. 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
 
10-15 
 
 
 
 
15-45 
 
 
 
 
 
Teacher passes out entrance activity and 
allows students time to work 
independently. Teacher then goes over 
entrance activity as a class. 
 
Teacher passes out M&M isotope lab and 
goes over procedure with the class.  
 
 
 
Teacher monitors student progress in 
laboratory and uses guiding question to 
steer student attention and progress in the 
activity.  
 
*Teacher guiding questions:  
What makes isotopes different from one 
another? 
 
What subatomic particle differs between 
isotopes? 
 
How do different types of M&M’s model 
two different isotopes of an element? 
 
What makes a weighted average different 
than a mean average? 
 
 Students work independently on entrance 
activity, and check for mistakes when 
instructor goes over the work. 
 
 
Students read through laboratory 
procedure, making appropriate annotations 
and notes. Students then group into their 
assigned lab groups in the lab area. 
 
Students work in their lab groups on the 
M&M isotope lab to model isotopes and 
average atomic mass calculations.  
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Name               Date  
Regents High School Chemistry 
 
 
 
Unit 2 – M&M Isotope Lab  
 
Introduction 
Isotopes are atoms of the same chemical element, each having a different mass number (different number 
of neutrons). Isotopes differ in mass number but never in atomic number (# of protons).  Since we cannot 
see atoms, you will use M&M’s to represent atoms.  The purpose of this lab is to calculate the average 
atomic mass using M&M’s, and to observe the difference between isotopes. 
1. The mass number of the atom is the total 
number of 
 
& 
 
2. Isotopes are different types of atoms of the same element, but with a different 
number of   
 
3. Carbon-13 is an isotope of Carbon with a mass number of 13. How many neutrons are 
in Carbon-13? 
 
 
Refer to this picture of an atom’s nucleus to 
answer questions 4-9. 
 
4. How many protons?  
5. What is the atomic #?  
6. What element is this?  
7. How many neutrons?  
8. What is the mass #?  
9. 
What is the isotope 
name?  
 
Procedure 
1.  Each group of 3 will get 1 small bag of plain M&M’s and 1 small bag of peanut M&M’s.   
2.  Count the number of Plain M&M’s in your bag and record this number in the data table 
below. Repeat this step for the Peanut M&M’s. 
3.  Using a piece of clean paper towel as a weighing boat, measure the total mass of your plain 
M&M’s and record this number in the data table.  Repeat this step for the Peanut M&M’s.  
***REMEMBER to ZERO out the paper towel! 
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DATA TABLE: Number of M&M’s Mass of M&M’s 
Isotope #1 - Plain M&M’s   
Isotope #2 - Peanut M&M’s   
Total Number of all your 
M&M’s 
  
 
Calculate the average mass of each isotope 
using the formula to the right. 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑎𝑠𝑠 =  
𝑇𝑜𝑡𝑎𝑙 𝑀𝑎𝑠𝑠
# 𝑜𝑓 𝑀&𝑀′𝑠
 
 
Isotope #1 – Plain M&M Isotope #2 – Peanut M&M 
  
10. Average mass of Isotope #1 = 11. Average mass of Isotope #2 = 
 
Calculate the percent abundance of each 
isotope.  Of all the M&M’s you have, what 
% of them are plain and what % are 
peanut? 
 
% 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 =  
# 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑀&𝑀
𝑇𝑂𝑇𝐴𝐿 # 𝑜𝑓𝑎𝑙𝑙 𝑀&𝑀′𝑠
 𝑥 100 
Isotope #1 – Plain M&M Isotope #2 – Peanut M&M 
  
12. % abundance of Isotope #1 = 13. % abundance of Isotope #2 = 
 
14. Calculate the average “atomic mass” of your M&M’s. 
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑨𝒕𝒐𝒎𝒊𝒄 𝑴𝒂𝒔𝒔
=  
(𝒎𝒂𝒔𝒔 𝒐𝒇 𝒊𝒔𝒐𝒕𝒐𝒑𝒆 𝟏)(% 𝒂𝒃𝒖𝒏𝒅𝒂𝒏𝒄𝒆) +  (𝒎𝒂𝒔𝒔 𝒐𝒇 𝒊𝒔𝒐𝒕𝒐𝒑𝒆 𝟐)(% 𝒂𝒃𝒖𝒏𝒅𝒂𝒏𝒄𝒆) …
𝟏𝟎𝟎
 
 
 
 Average Atomic Mass =  
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Conclusion Questions 
15. Is your average “atomic mass” close to or the same as students in other groups? 
 
16. Would using king size bags of M&M’s make a difference to the average “atomic mass”? Why or 
why not? 
 
17. How do Hydrogen-1, Hydrogen-2, and Hydrogen-3 differ from each other? 
 
 
18. Sulfur has 4 isotopes:  sulfur-32 is 95.0%, sulfur-33 is 0.76%, sulfur-34 is 3.22%, and sulfur-36 
is 0.89% abundant.  Calculate its average atomic mass. 
 
 Average Atomic Mass =  
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Lesson 5- Electromagnetic Spectrum, Ground/ Excited States 
 
Central Focus The central focus of the lesson is on the behavior of atoms during and 
after energy absorption and how bright line spectra are produced.  
Primary learning 
target  
The primary learning target is for students to understand behavior of an 
atomic on the subatomic level during and after energy absorption.  
Content 
Standard(s) 
3.1h In the wave-mechanical model (electron cloud model) the electrons 
are in orbitals, which are defined as the regions of the most probable 
electron location (ground state). 
 
3.1i Each electron in an atom has its own distinct amount of energy. 
 
3.1j When an electron in an atom gains a specific amount of energy, the 
electron is at a higher energy state (excited state). 
 
3.1k When an electron returns from a higher energy state to a lower 
energy state, a specific amount of energy is emitted. This emitted energy 
can be used to identify an element. 
Learning objectives  
 
Students should be able to:  
 
v distinguish between ground state and excited state electron 
configurations, e.g., 2-8-2 vs. 2-7-3  
 
i identify an element by comparing its bright-line spectrum to given 
spectra 
 
Possible problems  Students may confuse the concept of emission spectra and believe that 
bright line spectra are produced when electrons jump to higher energy 
levels, not when they return from the excited state back to the ground.  
 
Instructional 
resources and 
materials 
 
 Guided notes on emission spectra, and electromagnetic spectrum. 
 Lab activity on emission spectra adapted from: 
http://webcache.googleusercontent.com/search?q=cache:nWmDm064
ZlsJ:www.barbertonschools.org/downloads/flame_test_lab.doc+&cd
=2&hl=en&ct=clnk&gl=us  
 Bunsen burner, chloride salts solutions, etc. 
Assessments & data 
collection  
 Laboratory write-up for summative assessment.  
 Quiz and Exam for summative assessment. 
  
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Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
 
 
10-15 
 
 
 
 
15-45 
 
 
 
 
 
 
Teacher helps students complete guided 
note on emission spectra and bright line 
spectra. Teacher ask probing questions to 
get students thinking about the process of 
emission spectra being formed. 
 
Teacher passes out flame test laboratory 
and goes through procedure and safety 
concerns with students. 
 
 
Teacher monitors student progress with the 
lab and asks guiding questions to keeps 
students thinking about the process taking 
place. 
 
*Teacher guiding questions:  
Why is the flame necessary in this 
experiment? (i.e. what is its primary role?) 
 
Why do different elements produce a 
different colored emission spectra?  
 
What I happening to the electrons as energy 
is absorbed and released in this process? 
 
 Students complete guided noted on 
emission spectra and bright line spectra. 
Asking the instructor to clarify any 
misunderstandings during the process. 
 
 
Students makes notes on the lab during 
pre-lab as instructor goes through 
instructors and models the procedure for 
students. 
 
Student complete laboratory exercise and 
ask the teacher about any concepts or steps 
that are not clear, though the activity is 
student centered.  
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Name ________________________________________________ Date____________________ 
Laboratory Activity: Flame Test Lab 
 
Background: 
 
The normal electron configuration of atoms or ions of an element is known as the 
“ground state.”  In this most stable energy state, all electrons are in the lowest energy levels 
available.  When atoms or ions in the “ground state” are heated to high temperatures, some 
electrons may absorb enough energy to allow them to “jump” to higher energy levels.  The 
element is then said to be in the “excited state.”   This excited configuration is unstable, and the 
electrons “fall” back to their normal positions of lower energy (ground state).  As the electrons 
return to their normal levels, the energy that was absorbed is emitted in the form of 
electromagnetic energy.  Some of this energy may be in the form of visible light.  The color of 
this light can be used as a means of identifying the elements involved.  Such analysis is known as 
a flame test. 
 To do a flame test on a metallic element, the metal is first dissolved in a solution and the 
solution is then held in the hot, blue flame of a Bunsen burner.  This test works well for metal 
ions, and was perfected by Robert Bunsen (1811 – 1899).   Many metallic ions exhibit 
characteristic colors when vaporized in the burner flame. 
 
 
Purpose: 
 The purpose is to observe the characteristic colors produced by certain metallic ions 
when vaporized in a flame and then to identify an unknown metallic ion by means of its flame 
test. 
 
Materials: 
 Set of metal chloride salts (NaCl, CuCl2, KCl, CaCl2, SrCl2, LiCl, CoCl2, BaCl2) 
 Bunsen Burner 
 8 – 10 Q-tips 
 Unknown solution (for each student) 
 Glass plates 
 
Safety:  Be sure to wear goggles and an apron at all times. Pull hair back away from the Bunsen 
burner. 
 
 
Procedure: 
1. Light the Bunsen burner and adjust it so that it has a hot blue flame. 
2. Using a clean Q-tip, dip it into your distilled water until it is saturated, and then into one 
of the salts lightly, then hold the Q-tip in the hottest part of the burner flame.  Observe the 
color of the flame.  Try not to catch the Q-tip on fire, because if you do, you can’t reuse it 
to double check the color of the flame test.   Carefully record your observations in the 
data table.  Be accurate here - your description of the color must be accurate enough to 
distinguish this metal ion from the other ions tested. 
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3. Using a different clean unused Q-tip for each of the other salt solutions, check the color 
of their flame tests.  Record your observations for each solution.   
4. When you have tested all the known solutions and can distinguish the color of each metal 
ion, obtain unknown solutions and determine which metal ions are present by performing 
a flame test and comparing this data to your previous data. 
 
 
Data table:  
Metal ion Color of Flame (1st trial, 2nd Trial) 
sodium  
lithium  
strontium  
calcium  
barium  
potassium  
copper  
cobalt  
Unknown # ____  
Unknown # ____  
 
Based on your observations, identify the two unknowns you examined: 
Unknown #  _____ is ________________________________ 
Unknown #  _____ is ________________________________ 
 
Questions:  Use complete sentences to answer each of the following: 
1.  State at least three problems that may be involved when using flame tests for identification 
purposes. 
 
 
 
 
 
 
2.  Which ions produce similar colors in the flame tests? 
 
 
 
 
 
 
3.  Explain how the colors observed in the flame tests are produced.  
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Unit 3: Chemical Bonding 
 
Unit Overview 
Lesson: Examples of Modeling 
Practices 
Research-based Rationale 
1- Energy and 
Chemical Bonds 
 
 Students will utilize a computer 
based simulation program to 
observe and explore hoe energy 
is related to chemical bonds. 
(http://phet.colorado.edu/en/simu
lation/energy-forms-and-
changes)  
Using computer simulation models can 
help students learn laws and foster inquiry 
reasoning skills. (Schwartz, 2009)  
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
2- Lewis Dot 
Diagrams 
 Teacher models Lewis diagrams 
so students understand the steps, 
and what they represent. 
 
Students work through and 
discuss activity using Lewis dot 
diagrams to model molecules 
and bonding between atoms. 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
The use of models in science education 
supports meaningful teaching and 
learning processes. (Cokelez, 2011) 
 
 
3- Chemical Bond 
Types, Bond 
Polarity 
 
Students read through the Polar 
Bears and Penguins cartoon that 
pictorially diagrams the different 
bond types along with molecular 
polarity.  
Modeling (practice) can help students 
grasp abstract scientific concepts that are 
hard to observe with the naked eye 
(Cokelez, 2011)  
 
 
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
 
4- Bond and 
Molecular Polarity 
Students complete a laboratory 
activity in which they physically 
model molecules to observe 
shape and molecular polarity.  
When we think of the representation of 
chemical bonds used in chemistry as 
stick, and atoms as small balls used to 
explain atomic structures, the significance 
of model and modeling in science 
education and learning can be seen. 
(Aktamis, 2011) 
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experiments) play an important role in the 
development of scientific knowledge. 
(Schwartz, 2009) 
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
Models are bridges that connect concrete 
learning by using physical objects to 
correspond to abstract ideas. (Carrejo, 
2014) 
 
5- Intermolecular 
Forces 
Students participate in a jigsaw 
activity engage and learn about 
intermolecular forces.  
 
Students are required to model 
and explain their assigned topic 
to their peers.  
Experience plays a central role in 
affording students the ability to construct 
meaning about what they learn. (Carrejo, 
2014) 
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
 
Image Citations 
https://d2jmvrsizmvf4x.cloudfront.net/bkWEvZLvRzGRdWh2NMxb_practice_3-2.gif  
http://www.spiritsd.ca/curr_content/chem30_05/graphics/2_graphics/exo.gif 
http://www.spiritsd.ca/curr_content/chem30_05/graphics/2_graphics/endo.gif  
http://2.bp.blogspot.com/9luwgraSBQA/VMo2eKMcaeI/AAAAAAAAAdQ/Srd_rcY192Y/s1600/Acti
vation%2Benergy.png  
http://ths.talawanda.org/~bramblen/classroom/Pictures/LeChatelier1.jpg  
http://www.everythingmaths.co.za/science/grade-12/08-chemical 
equilibrium/pspictures/cc73d2ae9ad9505db854bd5e484e2290.png  
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Lesson: 1- Energy and Chemical Bonds 
 
Central Focus To have students describe how energy is used to form or break bonds in a 
specific chemical process or formation of a compound. 
Primary learning 
target  
Students will understand the concept of energy use in forming and 
breaking bonds. 
Content 
Standard(s) 
4.1b Chemical and physical changes can be exothermic or endothermic. 
 
4.1c Energy released or absorbed during a chemical reaction can be 
represented by a potential energy diagram. 
 
4.1d Energy released or absorbed during a chemical reaction (heat of 
reaction) is equal to the difference between the potential energy of the 
products and potential energy of the reactants. 
Learning objectives  
 
Students will be able to: 
 
4.1 Observe and describe transmission of various forms of energy.  
 
i Distinguish between endothermic and exothermic reactions, using 
energy terms in a reaction equation. 
 
ii. Utilize table I in the reference tables to distinguish between exothermic 
and endothermic reactions. 
Possible problems  Students have yet to discuss chemical bonding so related energy to bond 
formation and breaking requires a model or examples. 
 
Students may need help remembering that exothermic is releasing heat, 
and endothermic is absorbing heat.  
Instructional 
resources and 
materials 
 
 Guided notes on exothermic and endothermic reactions. 
 Activity on Table I and bond formation and breaking. 
 Writing utensil 
 http://phet.colorado.edu/en/simulation/energy-forms-and-changes 
(Simulation on endothermic and exothermic reactions) 
 Computers 
 
Assessments & data 
collection  
 Entrance activity on exothermic and endothermic processes. 
 Classroom activity on endothermic and exothermic processes.  
 Teacher observation as formative assessment. 
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Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
10-15 
 
 
 
 
15-35 
 
 
 
 
 
 
 
35-45 
 
Teacher passes out entrance activity on 
exothermic and endothermic processes. 
 
 
Teacher introduces activity and sets up 
expectations for students. Guided notes 
on exothermic and endothermic 
processes. 
 
Teacher monitors student progress and 
utilizes guiding questions to inform 
students. 
 
Teacher ensures students are working 
through the online simulation 
appropriately with their group members.  
 
Teacher forms small groups of students 
and monitor students as they go over their 
answers and check their work with each 
other in a collaborative effort. 
 
Teacher guided questions:  
What observations can you make when 
an exothermic process is occurring?  
 
What observations can you make when 
an endothermic process is occurring? 
 
How can you make associations between 
exothermic and endothermic processes? 
 
  
Student completes entrance activity 
independently, and goes over activity with 
the instructor with the whole class.  
 
Students listen to instruction and take notes 
on requirements of activity. Students takes 
notes on topic, and listen to teacher 
explanations. 
 
Students work on activity independently, and 
ask teacher questions as needed for guidance.  
 
 
 
 
 
 
Students work collaboratively to go over the 
work they completed and check answers with 
each other. Students will make correction in 
a new color to any question that are wrong.  
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Unit 3: Chemical Bonding  
 
Vocabulary:  
  Asymmetrical molecule  Covalent bond   Double covalent bond 
  Hydrogen bond  Ion    Ionic bond 
  Lewis Dot diagram  Malleability   Metallic bond 
  Multiple covalent bond Nonpolar covalent bond Octet    
  Octet rule   Polar covalent bond  Symmetrical molecule 
  Triple Covalent bond  Polar molecule  Molecular shape 
 
Essential/ Guiding Questions: 
1. How is energy transferred when chemical bonds are made and broken? 
2. How do Lewis Dot structures represent the arrangement of electrons in a chemical bond? 
3. How does the octet rule dictate how atoms and ions interact and bond? 
4. What are ionic, metallic, and covalent bonds? How do they each share electrons? 
5. What are molecular substance? 
6. How does electronegativity influence the polarity of a bond? 
7. How does bond polarity influence molecular polarity? What other factors influence molecular 
polarity? 
8. How are intermolecular forces influence by bond polarity? 
 
I) Energy and Chemical Bonds 
  Endothermic process- energy is required to ___________________ the forces that hold 
atoms together in a compound, therefore the breaking of a chemical bond is 
________________.  
  Exothermic process- the formation of a chemical bond is an __________________ 
process (opposite of endothermic). 
  * When a bond is formed, the resulting chemical compound has ____________ potential 
energy than the substances from which it was formed. Why? 
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  **The _______________________the energy released during the formation of a bond, 
the ______________ stable the resulting compound 
 
II) Lewis Dot Diagrams of Compounds 
  Review: What do the Lew Dot structures of Na, Na+, Ca, Ca2+ and H look like? 
 
 
  Lewis Diagrams can also be used to show how atoms __________________ to form 
molecules.  
◦ Consider the Lewis dot structure of H2, Cl2, O2 and N2 … 
*All diatomic molecules form bonds that are called covalent bonds. Meaning the atoms 
_________________ the electrons between them. 
*Review: What defines an ionic bond? 
 
III) Rules for Lewis Diagrams of Compounds… 
  1) Determine the total number of valence electrons of the atoms in the compound.  
  Example: CH3Cl. 
 
 
  2) Arrange the atoms to show bonds. The central atom (atom in the middle) usually is the 
atom with the smallest ____________________ value, and generally appears once in the 
formula. If there are more than one atom, they usually surround the _____________atom 
in the compound. (Remember each dash represents two electrons in a bond). 
  3) Check to ensure that all atoms have a full valence shell!!!  
  *If you do not have an ______________, you probably have some leftover electrons that 
can be used for double and triple bonds in the compound. Example: C2H2 
   
  Examples: 
  a. H2S 
   
  b. CH2Br2  
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  c. SO3 
   
  d. HCN 
 
IV) Metallic Bonds 
  Metallic atoms- have few valence electrons and low __________________ energies, 
what do you think the strength of metallic bonds are when considering a metal’s melting 
and boiling point? 
  *In a metallic crystal, the electrons move freely throughout the structure, allowing the 
metal to conduct heat and electricity.  
  Metallic bond- results from the force of ______________________ of the mobile 
valence electrons to an atom’s positively charged _______________________.   
  *Metallic bonds are formed only between a metal and a _________________.  
  Malleability- hammering a metal forces the ______________________ to move and form 
a new shape, thought they are still surrounded by valence electrons. The freedom of 
________________________ is often called the “sea of mobile electrons”. 
 
 
 
 
 
 
V) The Octet Rule 
  Why are the  noble gases stable?  
   
  *All noble gases except for helium have eight valence electrons.  
  Octet- represents the maximum number of _____________ electrons an atom can have. 
  Octet rule- states that atoms generally react by gaining, losing or sharing electrons in 
order to achieve a complete ______________ of eight valence electrons- the 
configuration of a ____________________.  
* This rule dictates how atoms interact and bond in certain ways! 
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VI) Covalent Bonds 
  Covalent Bond- is formed when two nuclei ____________ electrons in order to 
complete their octet or obtain a stable arrangement of electrons. They are usually formed 
between two _______________________ atoms. 
  Nonpolar covalent bond- formed when the attraction of the two nuclei is 
_____________________, causing the electron pairs to be shared _________________. 
  Multiple covalent bond- atoms may share more than one pair of ______________, 
forming a multiple covalent bond. (Ex: sharing two electron pairs results in a double 
covalent bond as in O2). 
  Polar covalent bond- when the nuclei have _______________ attraction for electrons 
(different electro negativities) the electrons are unequally shared resulting in what 
chemists call a ______________ bond with a slightly negative end and a slightly positive 
end (ex: H20). 
 
 
 
 
 
 
 
Example:  
 
Covalent Bond Example:  
  Which of the following bonds is the most polar in nature? 
  a) O2 
  b) HCl 
  c) NH3 
  d) HBr 
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VII) Molecular Substances 
  Molecule- is the smallest discrete part of an element or compound formed by 
________________________bonded atoms (non-metals).  
  Molecular substances- may exist as solids, liquids or gases and there may be more than 
one ___________________ structure for a molecular substance. Ex: H2O, CO2, NH3, C, 
N2, O2 
 
 
 
 
 
VIII) Polar Molecules, Molecular Shape 
*A molecule may contain 
polar bonds but not be a 
polar _______________ 
overall.  
Molecular polarity- 
depends on 
______________.  A 
symmetrical molecule 
will be nonpolar, while an 
asymmetrical molecule 
with be ___________. 
Which shapes are 
symmetrical? How do you 
determine shape of a 
molecule? 
Ex: H2O, CH4 
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IX) Ionic Bonding 
  Ionic bond- formed from the complete __________________ of electrons or the bonding 
of two oppositely charged atoms.  
  *Review: When atoms gain or lose electrons they become ______________ or 
_______________________ charged particles called ions. What are the names for 
positive ions and negative ions? 
  Metals- tend to lose electrons to achieve a noble gas configuration, have a 
_________________ radius, and become _________________________ charged. 
  Nonmetals- tend to gain electrons to achieve a noble gas configuration, have a 
_______________________ radius, and become ____________________ charged.  
 
 
 
 
 
 
 
Example: 
 
 
 
 
X) Ion Formation  
  When metal atoms ________________ electrons to form positive ions, they gain the 
electron configuration of the noble gas _________________ them on the periodic table. 
  When nonmetal atoms ____________ electrons to form negative ions, they gain the 
electron configuration of the noble gas ________________ them on the periodic table.  
  Electronegativity difference between atoms dictates the _______________of bond 
between the atoms (see below) 
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XI) Polyatomic Ions and their Compounds 
  *Any compound containing a __________________ ion (Table E!) contains an ionic 
bond. 
  …Consider the bond formed between ammonium and carbonate: 
 
 
 
 
 
  *Within the ammonium and carbonate ions themselves, you have covalent bonds as 
well… therefore, a polyatomic compound has both ________________ and 
___________________ bonds present!  
 
Example:  
 
 
 
 
XII) Bond types… 
  Metallic, covalent and ionic bonds have _______________ properties that can be used to 
distinguish among them.  
  Melting point- Ionic and Metallic compounds generally have very ___________ melting 
pints (with the exception of mercury). 
  Conductivity- Metallic bonds are the only bond that result in _____________ and 
electrical conductivity. 
  *Ionic substance only conduct electricity when dissolved in ____________________with 
their free ions floating around.  
  *Usually these ______________________ properties can help distinguish between bond 
types when identifying chemical bond types.  
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  Example: 
 
 
 
 
 
 
 
 
XIII) Intermolecular Forces (Vander Waals) 
  *Atoms are held together by bonds, and subsequently, __________________ also have 
attractive forces that allow them to keep substances as solids and liquids. 
  Dipoles: Polar molecules 
  Dipole-dipole Forces- Dipole-dipole forces are ________________ forces between the 
________________ end of one polar molecule and the ______________ end of another 
polar molecule. 
Hydrogen Bonds- a type of dipole-dipole force and an ___________________ 
force/bond between a hydrogen atom in one molecule and a nitrogen, oxygen, or fluorine 
atom in another molecule. __________________ intermolecular force.  
London Dispersion Forces- the London dispersion force is the weakest intermolecular 
force. The London dispersion force is a __________________ attractive force that results 
when the electrons in two __________________ atoms occupy positions that make the 
atoms form temporary dipoles. This force is sometimes called an 
_______________________ dipole-induced dipole attraction. 
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Example:  
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Name_________________________________________ Date________________ 
Energy forms and changes PHET Lab  
 
Adapted from: https://phet.colorado.edu/en/contributions/view/3997   
       
Simulation link: https://phet.colorado.edu/en/simulation/energy-forms-and-changes 
 
After the modeling activity, students will be able to:  
 Describe how heat flow from hot to cold.  
 Explain that some materials hold and release more energy than others (specific heat)  
 
When in doubt, add a thermometer! 
 
1. Is it possible to boil the water? Is it possible to freeze the water? (Make sure to attach the 
temperature gauge so you have a guide.) What do you need to do to make these changes?  
 
 
2. Chill the water as much as possible- then add heat and observe. List below at least three 
things you noticed (Make sure the energy symbols box is checked.)  
 
 
3. Add heat to the Iron and heat to the brick at the same time. Which one can hold more 
energy? How/where do they lose their energy?  
 
 
 
4. Add a heated up bit of iron to room temperature water. Describe in detail what happens 
below.  
 
 
 
5. Place the brick on top of the iron and add heat. Describe what is happening in at least 
three sentences.  
 
 
 
6. Take the same set up from #5, an instead of heating it up, cool it down. Describe what is 
happening in at least three sentences.   
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7. Once the brick and the iron are cooled down, do they have the same thermal energy? Do 
they have the same temperature? Does the room temperature water have more or less 
thermal energy?  
 
 
Energy Systems Tab 
 
After the modeling activity, students will be able to:  
 Describe different types of energy 
 Recognize that energy transforms from one version to another.  
 
1. Click around and explore what the symbols mean make sure to click on the Energy 
symbols tab. What to the different symbols mean? What are the different types of energy 
circulating? For the source of energy- describe the picture and if there is any energy 
transfers that happen. Example: the teapot goes from thermal to mechanical. Make your 
lists below: 
 
 
 
 
 
 
 
 
 
2. Compare the two types of light bulbs. How are the CFL’s (compact fluorescent lamps) 
different than the incandescent bulbs? Which one releases more thermal energy- how is 
the process different?  
 
 
 
3. In the teapot energy source, __________ energy transforms into ____________ energy.  
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4. In the image below  there is a E with a dotted line. (or look at what is happening inside 
the wheel/motor) Using your knowledge of how an motor/engine works, what do you 
think it stands for/represents? 
 
   
 
Classroom (Group) Discussion:  
1. From the first Tab, What material can hold the most heat? Which take the longest to cool 
down? (Is it the same order?)  
 
 
2. How does heat flow? What evidence did you experience to justify that answer?  
 
 
 
 
 
 
3. Are heat and temperature the same? Explain your reasoning citing specific evidence from 
the experiment.  
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Lesson: 2- Lewis Dot Diagrams 
 
Central Focus To have students utilize Lewis dot diagrams as models to describe atomic, 
ionic, compound and molecular structure.  
Primary learning 
target  
Students will understand the process of creating, and using Lewis dot 
diagrams as tools to model atomic and ionic interactions. 
Content 
Standard(s) 
5.2 Students will explain chemical bonding in terms of the behavior of 
electrons. i demonstrate bonding concepts, using Lewis dot structures 
representing valence electrons:  
 
§ transferred (ionic bonding)  
§ shared (covalent bonding)  
§ in a stable octet  
 
Example: atom vs. ion  
Learning objectives  
 
Students will be able to: 
 
Demonstrate bonding concepts, using Lewis dot structures representing 
valence electrons: transferred (ionic bonding); shared (covalent bonding); 
in a stable octet (5.2i) 
 
vii distinguish between valence and non-valence electrons, given an 
electron configuration, e.g., 2-8-2  
 
viii draw a Lewis electron-dot structure of an atom 
Possible problems Students may struggle differentiated between the process of drawing 
Lewis diagrams for atoms vs. ions.  
 
Students may struggle to assign the correct number of electrons to an 
atom when a double or triple bond is present in a molecule.  
 
Students may have problems knowing which atom to designate as the 
central atom if information from the chemical formula unit and periodic 
table unit is not recalled properly. 
 
Instructional 
resources and 
materials 
 
 Entrance Activity 
 Guided notes on Lewis Dot Diagrams 
 Worksheet on modeling Lewis structures process 
 Writing Utensil 
Assessments & data 
collection  
 Formative assessment: Entrance Activity 
 Summative assessment: Worksheet on Lewis Dot Diagrams 
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 Unit Quiz and Exam as summative assessment  
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
 
10-25 
 
 
 
 
 
25-30 
 
 
 
 
30-45 
 
Teacher passes out entrance activity 
checking for prior understanding and 
confirming prior day’s understanding.  
 
 
Teacher walks through notes on Lewis 
structures with students, carefully 
modeling the process of drawing Lewis 
structures of atoms, ions, compounds and 
molecules.  
 
Teacher hands out activity and sets 
expectation for students in reinitiating the 
set of rules and drawing the structures 
themselves.  
 
Teacher monitors student work, guiding 
with questions instead of answer directly. 
Teacher will helps students use the skills 
they already have established to complete 
the activity and process.  
 
Teacher guiding questions:  
How do we differentiate between an ion 
and atom when drawing a Lewis 
diagram? 
 
What tool can we use to determine what 
atom becomes the central atom in this 
compound/ molecule? 
 
How can we double check our work to 
ensure the Lewis structure is drawn 
completely and correctly finally? 
 
  
Students complete entrance activity on prior 
understanding of atomic electron 
configuration, ion formation and knowledge 
needed for instruction on Lew structures.  
 
Students fill in guided notes on Lewis 
structures, and follow instructor in the 
process of drawing the structures for atoms, 
ion, compounds and molecules.  
 
 
Students take notes of the activity 
expectations and what is expected of them in 
terms of work and discussion. 
 
 
Students complete Lewis structure activity in 
partners and check over answers with 
neighboring group within the last five 
minutes of class. 
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Name________________________________________________ Date____________________ 
Lewis Structure Modeling Activity 
 
Directions: You and a partner will first develop a set of rules (using the knowledge you have of 
drawing Lewis structures) for drawing a Lewis diagram of an atom, ion, compound and 
molecule. You will use an example for each to model the steps you describe. You will then 
utilize the rules you’ve created to model drawing the Lewis structures for a number of different 
chemical species.  
 
 
1. Steps for Drawing the Lewis Structure of an Atom 
 
Rule (Written) Example (Drawn) 
  
  
  
  
  
 
 
2. Steps for Drawing the Lewis Structure of an Ion 
 
Rule (Written) Example (Drawn) 
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3. Steps for Drawing the Lewis Structure of a Compound 
 
Rule (Written) Example (Drawn) 
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1. Steps for Drawing the Lewis Structure of an Molecule 
 
Rule (Written) Example (Drawn) 
  
  
  
  
  
 
 
 
 
Problems (Draw the Lewis structure for the following chemical species):  
 
1. Na      2.    S2- 
 
 
 
 
3.    SO4
2-      4.    NO2 
 
 
 
 
5. CH4      6. Bi   
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Lesson: 3- Chemical Bond Types, Bond Polarity 
 
Central Focus The central focus of the lesson with be on identifying different types of 
chemical bonds. 
Primary learning 
target  
Students will be able to distinguish between ionic, covalent and metallic 
bonding. 
Content 
Standard(s) 
Major Understandings:  
 
5.2a Chemical bonds are formed when valence electrons are:  
 
• transferred from one atom to another (ionic)  
• shared between atoms (covalent) 
• mobile within a metal (metallic) 
 
Learning objectives  
 
Students will be able to: 
 
Describe the way electrons are shared, transferred or move in the three 
different bond types.  
 
Identify the type of bond based on the atom type involved in the bonding 
(compound). 
 
Describe the strength of the bond based on its type and the way electrons 
interact in the bond.  
Possible problems Students will struggle to distinguish between bond types if they do not 
remember how to differentiate between metals and nonmetals on the 
periodic table.  
 
Instructional 
resources and 
materials 
 
 Periodic table 
 Guided notes 
 Bond polarity activity, images from: 
http://achs.roselleschools.org/UserFiles/Servers/Server_3154010/File/
Chakraborty/Penguins-and-Polar-Bears-Comic%20book.pdf  
 Activity on bond type 
 Writing utensil 
Assessments & data 
collection  
 Entrance activity as formative assessment  
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Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
10-25 
 
 
 
 
25-35 
 
 
 
 
 
35-45 
 
Entrance activity is passed out by 
instructor on previous day’s material and 
prior knowledge of bond type. 
 
Instructor introduces topic of bond type 
and polarity.  
 
 
 
Polar bears and penguins model activity 
is given to students and expectation is set 
for work. 
 
 
 
Instructor reorganizes students into 
partners and has students check over their 
answers collaboratively.  
 
Teacher guided questions: 
Why do the artists use polar bears and 
penguins to distinguish between certain 
types of atoms? 
 
How is the idea of tug of war related to 
how electrons may be shared, in what 
bond type is this applicable? 
 
What defines whether a molecule is polar 
or nonpolar overall according to the 
model in the cartoon? 
 
  
Students complete entrance activity on prior 
lesson’s content and prior knowledge of 
bond type and electron configuration. 
 
Students follow instructor and fill out guided 
notes on topic, listens to explanations and 
discuss content with neighbor when 
prompted to by the instructor. 
 
Student listen to instructors; explanation of 
activity, students complete polar bears and 
penguins activity on bond polarity 
individually and discuss understanding with 
a partner when completed.  
 
Students discuss answers with each other and 
how the polar bears and penguins comic is 
modeling the way electrons are shared in 
bonds and molecules.   
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Name____________________________________________________ Date______________ 
Modeling Bonding: Polar Bears and Penguins Comic Activity 
 
Directions: In this activity, you’ll further explore the nature of bond polarity in a slightly 
difference fashion (cartoon fashion!). Answer the questions below as you read the comic and 
interpret the information being presented 
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107 
 
 
 
108 
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1. How does the comic define a polar molecule? 
 
 
 
 
2. After reading the first two pages of the comic, what do you think their definition of 
electronegativity is? 
 
 
 
 
 
3. Looking at the bottom of page 1 of the comic, how do the ice berg, penguins and polar 
bears represent trends in electronegativity? 
 
 
 
 
 
4. What is being represented when two polar bears are arm wrestling or when two penguins 
are arm wrestling each other? 
 
 
 
 
 
 
5. What three types of bonds are being represented on page 3 of the comic? What happens 
to the bonding electrons in each type of bond? 
 
 
 
 
 
 
6. Explain why there are four scoops of ice cream in the illustration of O2 on page 3 of the 
comic.  
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7. What do the six scoops of ice cream represent in N2 on page 4? 
 
 
 
 
 
8. What do you think is happening to the penguin in the CO2 molecule in the picture on 
page 4 of the comic? 
 
 
 
 
 
9. Describe what you think may be happening to the penguins in the H2O molecule on page 
4 of the comic. 
 
 
 
 
 
 
10. What are the two definitions  
 
 
 
 
 
 
***Tying it together: What does electronegativity have to do with polarity? 
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Lesson: 4- Bond and Molecular Polarity 
 
Central Focus The focus of this lesson is for students to utilize molecular model kits to 
aid in their building and explanation of molecules’ polarity in terms of 
bonding and shape. 
Primary learning 
target  
Student will be able to use the idea of shape to determine whether or not a 
molecule is polar. Students will use the idea of electronegativity to 
determine if a bond I polar. 
Content 
Standard(s) 
Molecular polarity can be determined by the shape of the molecule and 
the distribution of charge. Symmetrical (nonpolar) molecules include 
CO2, CH4, and diatomic elements. Asymmetrical (polar) molecules 
include HCl, NH3, and H2O. (5.2l) 
 
5.2j Electronegativity indicates how strongly an atom of an element 
attracts electrons in a chemical bond. Electronegativity values are 
assigned according to arbitrary scales. 
 
5.2k The electronegativity difference between two bonded atoms is used 
to assess the degree of polarity in the bond. 
Learning objectives  
 
Students will be able to: 
 
distinguish between nonpolar covalent bonds (two of the same nonmetals) 
and polar covalent bonds (5.2v) 
 
Possible problems Students may confuse bond polarity with molecular polarity, the 
distinction of shape guiding molecular polarity should be made through 
the activity. 
 
Students may have a hard time transferring the 2D sketches they make 
from the 3D model they create. Teacher guidance at this point of the 
lesson is crucial.  
Instructional 
resources and 
materials 
 
 Molecular modeling kit (one per group) 
 Writing Utensil 
 Entrance activity 
 Activity sheet 
Assessments & data 
collection  
 Entrance Activity as formative assessment  
 Lab activity, quiz and exam as summative assessment 
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Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
 
10-15 
 
 
 
 
 
 
 
15-35 
 
 
 
 
 
 
 
 
 
35-45 
 
Entrance activity is passed out to students 
to review Lewis structures and introduce 
bonding concepts again. 
 
 
Instructor (teacher) introduces bonding 
assignment with the molecular modeling 
kits, gives a brief explanation of what the 
components of the kit represent.  
 
Teacher hands out lab activity and kits to 
student groups that are formed.  
 
Teacher observes students during the 
activity to ensure that models are being 
created accurately, though they are made 
by the students ultimately.  
 
 
 
 
 
 
Teacher brings students back together to 
go over a select few of the models to 
ensure everyone has gone through the 
process in the correct way.  
 
Teacher guiding questions (during 
activity): 
Where is the plane of symmetry in this 
molecule? 
 
How can you tell if a bond is polar by 
looking at the model you’ve created? 
 
How can you tell if the molecule is polar 
looking at the model you’ve created? 
 
If a molecule has polar bonds, does this 
mean that the molecule itself is polar? 
 
  
Students complete entrance activity on Lewis 
structures and bonding, and check their 
answer when the teacher reviews the 
assignment. 
 
Students observe instruction on the 
components of the modeling kit, and take 
notes as to not forget what each piece 
represents.  
 
Students form groups assigned to them by 
the instructor. 
 
Students start the activity and go through the 
process of modeling the various 
compounds/molecules through numerous 
means.  
 
Students use the modeling kits, Lewis 
structures and 2D drawings to represent each 
molecule in terms of shape and electron 
configuration. 
 
Students go over answers with the instructor 
and make corrections as necessary with their 
group members. 
 
Students have mini discussions on why or 
why not their models are accurate 
representations of the molecules in reality.  
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How would you be able to tell if this 
molecule was polar without the aid of a 
3D model?  
 
What are some other ways we can 
interpret the models when looking for 
bond and molecular polarity? 
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Name _______________________________________________   Date______________ 
Bonding Lab Activity 
 
Directions: Using a model kit, build the following molecules and draw the Lewis dot structures 
for each in the table provided. After you’ve done this, complete the next two columns for each 
compound by indicating whether each has polar or nonpolar bonds, and polar or nonpolar 
molecules.  
 
Compound 
(Molecule) 
Lewis dot structure 
Bond 
(Electronegativity) 
Polar or Nonpolar? 
Molecule  
(Shape)  
Polar or Nonpolar? 
1)      Methane 
           CH4    
2)    Ammonia 
           NH3    
3)      Water 
           H2O    
4) Carbon Dioxide 
           CO2    
5)  Hydrogen gas 
            H2    
6)   Chlorine gas 
            Cl2    
7)  *Oxygen gas 
            O2    
8) *Nitrogen gas 
            N2    
9) Hydrogen Chloride 
           HCl    
 
*Indicates double or triple bonds! 
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Conclusion Questions: 
 
10) When NaCl is placed with one of these molecules (above), molecule-ion attractions occur. 
Which molecule does this happen with?  
 
 
 
 
 
 
11) According to your data above, does the molecular polarity always match up with the bond 
polarity? Why or why not? 
 
 
 
 
 
 
 
 
12) How do you determine if a molecule is going to have double or triple bonds? 
 
 
 
 
 
 
 
13) In what case would a Lewis structure be a more accurate tool to represent a molecule? (I.e. 
what does a Lewis dot structure show that a 3D model does not?) 
 
 
 
 
 
 
 
14) What representation is the most useful to you to determine bond and molecular polarity? It 
doesn’t have to be the same for both! Explain your choice(s). 
 
 
 
 
 
 
 
116 
Lesson: 5- Intermolecular Forces 
 
Central Focus The central focus of the lesson is to become familiar with the three types 
of intermolecular forces, London dispersion, dipole-dipole, and hydrogen 
bonding.  
Primary learning 
target  
Student will be able to connect molecular polarity to the type of 
interaction that occurs between molecules.  
Content 
Standard(s) 
5.2m Intermolecular forces created by the unequal distribution of charge 
result in varying degrees of attraction between molecules. Hydrogen 
bonding is an example of a strong intermolecular force. 
 
5.2n Physical properties of substances can be explained in terms of 
chemical bonds and intermolecular forces. These properties include 
conductivity, malleability, solubility, hardness, melting point, and boiling 
point. 
Learning objectives  
 
Students will be able to: 
 
Describe how physical properties of substances can be explained in terms 
of chemical bonds and intermolecular forces. These properties include 
conductivity, malleability, solubility, hardness, melting point, and boiling 
point. 
 
Connect molecular polarity to the type of intermolecular force that will 
occur between particles. 
 
Describe the three intermolecular forces in terms of strength, and type of 
molecule that participates in them.  
 
Possible problems  Students may think hydrogen bonding is a type of bonding within an 
atom, when in actuality it is a force between two separate molecules (not a 
bond). 
 
Students may have a hard time describing the difference between the three 
forces if their knowledge of molecular polarity is still weak. Teacher will 
supplement this when observing students in their explanation. 
Instructional 
resources and 
materials 
 
 Entrance Activity 
 Jigsaw activity 
 Jigsaw readings 
 Writing Utensil 
117 
Assessments & data 
collection  
 Entrance activity as formative assessment 
 Jigsaw activity, and unit exam for summative assessment.  
 
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
10-15 
 
 
 
15-30 
 
 
 
 
 
 
 
 
30-45 
 
Entrance activity is given to students in 
order to review concepts of molecular 
polarity from the previous day. 
 
Instructor sets up groups for part I of the 
jigsaw activity, and passes out materials. 
 
 
Instructor observes as students become 
familiar with their assigned 
intermolecular forces.  
 
Instructor may ask students guiding 
question about the force as they are 
becoming familiar to keep them on task. 
 
 
Instructor forms new group each with one 
person per intermolecular force.  
 
Instructor explains that each person is 
responsible for explaining their 
intermolecular force to their new group 
and their group members must take notes 
on the intermolecular force, and ask 
questions as necessary.  
 
Teacher guiding questions (during 
activity): 
What defines what type of force will be 
present between molecules? 
 
When will a hydrogen bond be present 
over a dipole-dipole force? 
 
  
Students complete entrance activity and go 
over answers with the instructor.  
 
 
Students form their part I groups, and start 
reading about their topic assigned by the 
instructor. 
 
Students, using the reading provided, will 
become familiar with their assigned 
intermolecular force. 
 
Students will be able to explain their 
intermolecular force to their new group when 
they start part II. 
 
 
Each student is responsible for explaining 
their intermolecular force to their new group 
and their group members must take notes on 
the intermolecular force, and ask questions as 
necessary. 
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Name__________________________________________________ Date__________________ 
Jigsaw Activity 
 
Directions: Fill out the table information for the Intermolecular force that you were assigned to 
become an expert on. When you rearranged in the second half of class, fill in the information for 
the other groups you were not an expert on.  
 
Group 1: Van der Waals and London Dispersion Forces 
 
Type of Force Type of Molecule Involved Notes (at least 2 for each!)/ 
Diagram 
   
   
 
 
 
Group 2: Dipole-Dipole Forces 
 
Type of Force Type of Molecule Involved Notes (at least 2 for each!)/ 
Diagram 
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Group 3: Hydrogen Bonding and H-Bonding in Biology 
 
Type of Force Type of Molecule Involved Notes (at least 2 for each!)/ 
Diagram 
   
   
 
Conclusion Questions:  
 
1. Define Intermolecular forces: 
 
 
 
 
2. What do the three categories of Intermolecular forces have in common? 
 
 
 
 
 
 
 
3. What determines what type of intermolecular force will occur in a substance? (Be 
specific!) 
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Student Readings on Intermolecular Forces: 
 
Instructor can print the reading below or have students access them electronically before the 
activity or during the activity depending on the available technology. 
 
http://chemwiki.ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Intermole
cular_Forces/Hydrogen_Bonding  
 
http://chemwiki.ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Intermole
cular_Forces/Dipole-Dipole_Interactions 
 
http://chemwiki.ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Intermole
cular_Forces/London_Dispersion_Interactions 
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Unit 4: Kinetics and Equilibrium 
 
Unit Overview 
Lesson: Examples of Modeling 
Practices 
Research-based Rationale 
1- Kinetics and 
Reaction Rates 
 
 Teacher models reaction rate in 
guided notes so students 
understand the concept and 
factors affecting reaction rate. 
 
Students work through lab 
activity modeling factors 
affecting reaction rate.  
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
2- Potential Energy 
Diagrams 
 Teacher models potential energy 
diagrams in guided notes so 
students understand the concept. 
 
Students complete discussion 
activity on potential energy 
diagrams and go over answers 
with peers.  
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
The use of models in science education 
supports meaningful teaching and 
learning processes. (Cokelez, 2011) 
 
 
3- Heat of Reaction 
and Entropy 
 
Students complete exploratory 
activity on Table I and learn how 
to distinguish between 
exothermic and endothermic 
chemical reactions. 
 
Teacher models using Table I in 
guided notes.  
A model such as a picture or diagram can 
be used to explain a certain complicated 
idea. (Schwartz, 2009) 
 
 
 
 
4- Equilibrium Teacher models the different 
types of equilibrium using 
guided notes and diagrams.  
 
Students use a computer based 
program to simulation chemical 
equilibrium and design an 
experiment to test one factor 
effecting equilibrium.   
Using computer simulation models can 
help students learn laws and foster inquiry 
reasoning skills. (Schwartz, 2009)  
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
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5- Le Chatlier’s 
Principle 
Students observe LeChatlier’s 
principle being modeled in 
guided notes, with metaphors 
and diagrams used to represent a 
system being stressed at 
equilibrium.  
 
Students complete activity on 
chemical equilibrium and how 
stresses effect the system at rest. 
Chemical equilibrium is 
modeled through chemical 
equations. Student then create 
their own representations of a 
system stressed at equilibrium. 
Experience plays a central role in 
affording students the ability to construct 
meaning about what they learn. (Carrejo, 
2014) 
 
During active learning experiences and 
reflection, students reorganize and add 
complexity to their conceptual models 
through assimilation and accommodation. 
(Carrejo, 2014)  
 
The most important overall goal of 
scientists is the development of an 
understanding of how the natural world 
works. In all scientific disciplines, this 
understanding is most often accomplished 
through the conceptualization of models 
of various natural processes. (Aktamis, 
2011) 
 
Image citations 
https://d2jmvrsizmvf4x.cloudfront.net/bkWEvZLvRzGRdWh2NMxb_practice_3-2.gif  
http://www.spiritsd.ca/curr_content/chem30_05/graphics/2_graphics/exo.gif 
http://www.spiritsd.ca/curr_content/chem30_05/graphics/2_graphics/endo.gif  
http://2.bp.blogspot.com/9luwgraSBQA/VMo2eKMcaeI/AAAAAAAAAdQ/Srd_rcY192Y/s1600/Acti
vation%2Benergy.png  
http://ths.talawanda.org/~bramblen/classroom/Pictures/LeChatelier1.jpg  
http://www.everythingmaths.co.za/science/grade-12/08-chemical 
equilibrium/pspictures/cc73d2ae9ad9505db854bd5e484e2290.png  
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Lesson: 1 –Kinetics and Reaction Rates 
 
Central Focus The central focus of the lesson is one the factors that affect reaction rates 
of a chemical reaction.  
Primary learning 
target  
The primary learning target is for students to be able to observe and 
record what factors affect a chemical reaction and relate them to the 
collision theory of particle orientation and energy. 
Content 
Standard(s) 
VI.1 Collision theory states that a reaction is most likely to occur if 
reactant particles collide with the proper energy and orientation. 
 
VI.2 The rate of a chemical reaction depends on several factors: 
temperature, concentration, nature of reactants, surface area, and the 
presence of a catalyst 
 
Learning objectives  
 
Students will be able to: 
 
Use collision theory to explain how various factors, such as temperature, 
surface area, and concentration, influence the rate of reaction (3.4vi) 
 
Interpret the data from the laboratory experiment as evidence of factors 
that affect chemical reaction rates. 
 
Possible problems  Students may be confused by their graphs if they do not have a clear 
understanding of collision theory and rates that effect reactions. 
 
Students may need the theory modeled by the instructor before they carry 
out their modeling process (lab activity) themselves.  
Instructional 
resources and 
materials 
 
 Guided notes on Kinetics and Equilibrium 
 Lab activity and materials (see activity) 
 Writing Utensil 
Assessments & data 
collection  
 Lab activity as formative assessment 
 Quiz and Exam as summative assessments  
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
0-15 
 
 
 
Instructor passes out guided notes and 
students go through lesson on reaction 
rates. 
 
 Students takes note on chemical reaction 
rates and ask the instructor any questions 
they may or may not have. 
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10-15 
 
 
 
15-45 
 
 
 
 
Instructor introduces the laboratory 
activity and assigns lab groups for 
students to work in. 
 
Instructor observes student lab activity 
and guides them in their process.  
 
Guiding questions are used to ensure 
students are thinking about what they are 
observing in terms of reaction rates. 
 
Teacher guiding questions: 
Why does the reaction rate increase as 
you add a more concentrated reactant? 
 
How do the number of effective 
collisions tie into the factors you are 
changing in the laboratory? 
 
Observing the data you plotted, what is 
the relationship between temperature and 
the rate of the chemical reaction? 
 
Observing the data you plotted, what is 
the relationship between concentration 
and the rate of the chemical reaction? 
 
What do you think the relationship is 
between surface area and the rate of a 
chemical reaction? 
 
Students listen to the laboratory introduction, 
take notes on the material and organize into 
the assigned laboratory groups.  
 
Students carry out the laboratory activity on 
reaction rates and make observations as they 
go through the experiment. 
 
Students make conclusions based on their 
observations and graphed data as to how 
certain factor may or may not affect the rate f 
a chemical reaction. 
 
Student check their answers with the 
instructor. 
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Unit 4: Kinetics and Equilibrium 
 
 
 
Vocabulary:  
 Activated Complex   Activation Energy   
 Reaction coordinate  Catalyst   Heat of reaction 
 Equilibrium   Le Chateleir’s principle Entropy 
 Potential Energy Diagram Endothermic   Exothermic 
 Enthalpy   Entropy   Equilibrium Constant 
 
 
 
Essential/ Guiding Questions:  
 Explain what factors affect the rate of a chemical reaction and how. 
 Interpret, draw, and label a potential energy diagram and all its components. 
 Explain the concept of equilibrium and what stresses effect it, and how the system 
compensates.  
 Know how Le Chatelier’s principle guide how systems at equilibrium react to change or 
stresses. 
 Know the difference between enthalpy and entropy, and how system tend towards both in 
nature.  
 Be able to write and interpret an equilibrium constant or expression for a given reaction.  
 
I) Kinetics 
 Kinetics- is the branch of chemistry that is concerned with the rates of chemical 
________________________. (What does “rate” mean?) 
 
 Collision theory- states that in order for a reaction to occur, _________________ 
particles must _______________.  
 Collisions between particles can produce a reaction if both the spatial 
______________________ and energy of the colliding particles are conducive to 
a reaction.  
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II) Factors Affecting Rates of Reaction 
 Nature of Reactants- reactions involves ________________ existing bonds and forming 
new ones, therefore in general covalently bonded substances take longer to react than 
_______________ substances (why?). 
 Concentration- most chemical reactions will proceed at a _______________ rate if the 
concentration of one or more of the reactants is increased.  
 Surface Areas- when more surface area of a substance is exposed, there are more 
chances for collisions, thus _________________ the reaction rate.  
 Pressure- an increase in pressure will affect the rate that 
____________________________ particles react (why does this not matter for liquids or 
solids?). 
 Catalyst- catalysts are substances that __________________ the rate of a reaction by 
providing a different and easier pathway for the reaction to occur. Catalysts take part in 
the reaction but remain _________________________ after the reaction is complete. 
 Temperature- At a higher temperature, not only will there be more collisions, but the 
reacting particles have more __________________, making it more likely that the 
collisions will be effective.  
 
 
III) Potential Energy Diagrams 
 You know from previous Units that chemical bonds contain _________________ energy.  
 A potential energy diagram- illustrates the potential energy change that occurs during a 
_______________________________.  
 Reaction coordinate- horizontal axis on a potential energy diagram that represents the 
reaction progress. 
 Activated complex- is a ___________________________ intermediate product that 
either will break apart and reform the reactants or rearrange and form products.  
 Activation energy- amount of energy needed to form the ________________________ 
complex from the reactants. 
 Heat of Reaction- the difference between the __________________________ energy of 
the reactants and products and is represent by ∆H. 
 
 
 With your desk partner, take 5-10 minutes to draw a potential energy diagram and label 
where you think the following go on the diagram: 
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 Reaction coordinate 
 Activated complex 
 Activation energy 
 Heat of Reaction 
 Reactants 
 Products 
 Potential energy 
 
 
IV) Potential Energy Diagram for an Exothermic Reaction- Table I 
 If the products have a lower potential energy than the reactants, the reaction is 
exothermic or _____________________ energy. 
 In this case, the heat of reaction will have a ________________ value (- ∆H).  
 Can you find which reactions are _________________ on Table I of your reference 
tables? 
 
 
 
V)  Potential Energy Diagram for an Endothermic Reaction- Table I 
 If the products have more potential energy that the reactants, the reaction is endothermic, 
or __________________ energy.  
 In this case, the heat of reaction will have a ________________________ value (∆H).  
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 Can you find which reactions are endothermic on Table I of your reference tables? 
 
VI) Heat of Reaction Calculations 
 Example: 2NO(g) + O2(g) = 2NO2(g) + 52 KJ 
  ∆H for 2 moles is -52 KJ  
  ∆H = -26 KJ/mol 
 
 
TRY it: 182.6 KJ + N2(g) + O2(g) = 2NO(g)…. ∆H? 
 
 
 
VII) Effect of a Catalyst 
 The only difference between a reaction with a catalyst and without is the 
__________________________.  
 The activation energy of both the forward and reverse reactions will be 
_________________ with a catalyst.  
 What do think is actually happening in the graph, and can you think of any real world 
examples of catalysts? 
 
 
 
 
 
 
 
 
 
 
 
 
VII) Equilibrium 
 *Each potential energy diagram depicts a reaction proceeding from left to right in the 
________________________ direction. Can the reverse ever happen? 
 When both the forward and reverse reactions occur at the same rate, this is called 
_______________________.   
 An equation representing equilibrium uses a double arrow (see right), 
instead of a ______________ one to show _____________ reactions are 
occurring.  
 *Equilibrium is a state of ______________________ between the rates of two opposite 
processes and can only occur in a ________________________.  
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 *________________ but not all chemical reactions are reversible.  
 Does equilibrium mean the quantities of the products and reactants are the same at 
equilibrium? 
 
 
 
 
 
 
Activity 
 With your partner, compare the two graphs depicting equilibrium below.  
 What are each representing? Are they similar, what important differences do you 
observe? 
 Which is a better representation to you? 
 
 
VIII) Physical/ Phase Equilibrium 
 
 
 Equilibrium can exist between states of matter in a _______________________.  
 While a solid is ________________ or _________________, the liquid phase and the 
solid phase are at physical equilibrium (what temperature does this occur at for water?).  
 While a liquid is ___________________ or condensing, the liquid phase and the gas 
phase are at physical equilibrium (what temperature does this occur at for water?) 
 ***Rate of melting = Rate of freezing (the amount of solid may not equal the amount of 
liquid) 
 ***Rate of boiling – Rate of condensing (the amount of liquid may not equal the 
amount of gas) 
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IX) Solution Equilibrium 
 When the rate of dissolving and recrystallizing are equal, equilibrium exists, and a 
solution is __________________________. 
 Equilibrium may be attained in a closed system between a gas 
______________________ in a liquid and the undissolved gas. 
 In both cases, equilibrium can be disturbed by a change in temperature.  
 
 
 
X) Chemical Equilibrium 
 When reactants are being ________________________ at the same 
____________________ as products, chemical equilibrium occurs.  
 
 *This only occurs in a closed system as well.  
 
 
 
 
XI) Le Châtelier’s Principle 
 
 Le Châtlelier’s principle- explains how a system at equilibrium responds to relieve any 
_________________________ on the system. 
 ___________- any change in temperature, concentration, or pressure on a system at 
equilibrium. 
 Concentration change- 
 
 
 
XII) Le Châtelier’s Principle Cont’d 
 Temperature Change- consider the tables for the reactions (see right): 
 Pressure Change- consider the system: CO2 (g)          CO(aq) 
 What will happen when pressure increases or decreases? 
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Example 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
XIII) Effect of a Catalyst 
 How do you think the addition of a catalyst will affect the equilibrium of the system? (Be 
prepared to defend your answer!) 
 
 
 
XIV) Enthalpy 
 *There is a tendency in nature to change to a _________ of lower enthalpy (heat/energy).  
 Compare the potential energy diagrams for endothermic and exothermic reactions. Which 
type of reaction is favorable in the forward direction? Why? 
 
 
 
XV) Entropy 
 *There is a tendency in nature to change to a _______________ state of disorder or 
randomness, which refers to the lack of regularity in a system.  
 Entropy- is a measure of _____________ or ____________________ of a system. (The 
greater the disorder, the higher the entropy).  
 To identify whether reactants or products have then greater amount of entropy consider:  
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 1. The solid phase has less entropy than the liquid phase, which has 
_______________ entropy than the gaseous phase.  
 2. Generally, the side of the equation with the ______________________ number 
of molecules has the greater amount of entropy. 
 
 
Example  
What occurs when a sample of CO2(s) changes to CO2(g)? 
 1) The gas has greater entropy and less order 
 2) the gas has greater entropy and more order 
 3) The gas has less entropy and less order 
 4) The gas has less entropy and more order 
 
 
XVI) The Equilibrium Expression 
 Equilibrium expression- the mathematical expression that shows the relationship of 
reactants and products in a system at ______________________.  
 To write an equilibrium expression, follow these steps: 
 Write a balanced __________________ for the system. 
 Place the _______________ as factors in the numerator of a fraction and the 
reactants as factors in the ________________________ of the same fraction.  
 Place a square __________________ around each formula. The bracket means 
molar concentration. 
 Write the __________________ of each substance as the power of its 
concentration. The result is the equilibrium expression or (Keq) for that reaction.  
 
Sample problem 
 Write the equilibrium expression for the equilibrium system of nitrogen, hydrogen, and 
ammonia.  
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 *The equilibrium constant is a specific numerical value for the given system at a 
specified temperature.  
 Changing concentration will ______________ affect the value of Keq 
 Changing the temperature ________________ affect the value of Keq 
 When the value of Keq is ________________ than one, chemists say that this is a product 
favored reaction, or that the products are in a greater concentration. 
 When the value of Keq is _________________ than one, chemists say that this is a 
reactants favored reaction, or that the reactants are in a greater concentration. 
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Name_________________________________________Date_________________ 
 
Rates of Reaction Laboratory Activity  
 
(adapted from: http://www.cpet.ufl.edu/wp-content/upl0 
oads/2013/03/%E2%80%98Rates-of-Reaction%E2%80%99-Lab-Activity.p)
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Lesson: 2- Potential Energy Diagrams 
 
Central Focus The central focus of this lesson is in graphing and interpreting a potential 
energy diagram of a chemical reaction. 
Primary learning 
target  
Student will be able to graph and interpret potential energy diagrams for 
exothermic and endothermic processes.  
Content 
Standard(s) 
VI.6 Energy released or absorbed by a chemical reaction can be 
represented by a potential energy diagram. 
 
VI.7 Energy released or absorbed by a chemical reaction (heat of reaction) 
is equal to the difference between the potential energy of the products and 
the potential energy of the reactants. 
 
VI.8 A catalyst provides an alternate reaction pathway which has a lower 
activation energy than an uncatalyzed reaction. 
Learning objectives  
 
Students will be able to: 
 
Read and interpret potential energy diagrams: PE of reactants and 
products, activation energy (with or without a catalyst), heat of reaction 
(4.1ii) 
 
Possible problems  Students may have trouble distinguishing between endothermic and 
exothermic potential energy diagrams if their definitions of the two are 
not recalled properly.  
 
Students have not used potential energy to described stored chemical 
energy before, switching from the definition in terms of potential to move 
may be difficult. 
  
Instructional 
resources and 
materials 
 
 Guided notes on potential energy diagrams. 
 Activity on potential energy diagrams. 
 Writing utensil 
 
Assessments & data 
collection  
 Entrance activity on endothermic and exothermic processes to review 
concept formatively. 
 Activity on potential energy diagrams as summative assessment. 
 Quiz and Unit Exam as summative assessments. 
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Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
10-15 
 
 
 
15-35 
 
 
 
 
 
 
 
35-45 
 
Instructor passes out entrance activity on 
endothermic and exothermic processes to 
review concepts. 
 
Instructor hands out activity on potential 
energy diagrams to students and forms 
student groups. 
 
Instructor guides students in working on 
their potential energy diagrams activity.  
 
Question will be open ended in order to 
allow students the time to interpret their 
diagram and answer questions 
collaboratively in groups.  
 
Instructor will re-group students to check 
their answers with a new partner and 
ensure understanding of the material. 
 
Teacher guiding questions: 
What major difference can you observe 
between a potential energy diagram for 
an exothermic reaction and a potential 
energy diagram for an endothermic 
reaction? 
 
Why does a catalyst not change the 
potential energy of the reactant or 
products? 
 
Where can you find the heat of reaction 
on a potential energy diagram? 
 
Why do you think some reactions have 
greater activation energies than others? 
  
Students work on entrance activity activating 
their prior knowledge on endothermic and 
exothermic processes.  
 
Students organize into assigned groups and 
read instruction of potential energy diagrams 
activity. 
 
Students will work collaboratively in groups 
on the potential energy diagrams activity and 
ask teacher questions for guidance, though 
the activity should remain mainly student 
centered and collaborative.  
 
 
 
Students will work with new partner(s) to 
check their understanding of the topic and 
discuss the concepts with their group 
members.  
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Name______________________________________________________________ 
Date______________ 
Potential Energy and Heat of Reactions Discussion Activity 
 
Directions: Work with your partner to answering the following questions about potential energy 
diagrams and the heat of reaction. Use Table I in your reference tables to complete the discussion 
questions below.  
 
 
1) What does potential energy mean in terms of chemical reactions? How is it different than 
kinetic energy? 
 
 
 
 
 
 
 
2) When energy is lost during a chemical reaction the reaction is  _____________________. 
 
3) When energy is gained during a chemical reaction the reaction is 
_____________________. 
 
4) A. From table I, choose one reaction and write it below.  
 
 
 
B. Is the reaction endothermic or exothermic? 
 
 
 
 
C. What is the heat of reaction for the chemical reaction you chose?  
 
 
 
D. Draw a potential energy diagram (on the next page) for the reaction you chose. If you 
picked an exothermic reaction, assume the activation energy is 50 kJ, and for an 
endothermic, 100 kJ.  
 
Label: Your x and y axis, the activated complex, the heat of reaction, the activation 
energy, and you reactant and products.  
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Remember: 
Your heat of reaction is_________________. 
 
Your activation energy is ________________. 
 
 
 
 
 
 
 
 
E. On the potential energy diagram you created above, draw a dotted line for what the 
new activation energy would look like with the addition of a catalyst.  
 
 
 
 
F. Does the addition of a catalyst change the potential energy of the reactants or 
products? Why or why not? 
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5.  What is the activation energy of the reverse reaction you chose? Heat of reaction? 
 
 
 
 
 
 
 
 
 
6. Conclusion: In addition to catalysts, describe at least three factors that will affect the rate 
of a chemical reaction. Be sure to explain HOW and WHY the chemical reaction rate is affected. 
 
 
 
 
1. 
 
 
 
 
 
 
 
 
 
 
2. 
 
 
 
 
 
 
 
 
 
 
 
3. 
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Lesson: 3- Heat of Reaction and Entropy 
 
Central Focus Students will understand conceptually what heat of reaction is and relate 
the value to endothermic or exothermic reactions.  
Primary learning 
target  
Students will be able to look up the heat of reaction for a chemical 
equation using Table I of the Reference Tables for Chemistry and 
interpret whether the reaction is endothermic or exothermic.  
Content 
Standard(s) 
VI.6 Energy released or absorbed by a chemical reaction can be 
represented by a potential energy diagram. 
 
VI.7 Energy released or absorbed by a chemical reaction (heat of reaction) 
is equal to the difference between the potential energy of the products and 
the potential energy of the reactants. 
 
VI.9 Entropy is a measure of the randomness or disorder of a system. A 
system with greater disorder has greater entropy. 
 
Learning objectives  
 
Students will be able to: 
 
Read and interpret potential energy diagrams: PE of reactants and 
products, activation energy (with or without a catalyst), heat of reaction 
(4.1ii) 
 
Utilize Table I in the Reference Table for Chemistry to determine if a 
reaction is endothermic or exothermic.  
 
Write heat as a reactant or product appropriately for an endothermic or 
exothermic reaction. 
Possible problems  Students confuse that energy written as a negative value is exothermic 
not endothermic.  
 
Students may confuse where to write energy as a part of the reaction.  
Instructional 
resources and 
materials 
 
 Entrance activity reviewing endothermic and exothermic potential 
energy diagrams. 
 Activity to introduce Table I and review heat of reaction/ 
 Writing utensil 
 Guided notes 
 
Assessments & data 
collection  
 Entrance activity as formative assessment of prior knowledge. 
 Activity, Quiz and Unit test as summative assessment.  
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Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
10-25 
 
 
 
 
15-35 
 
 
 
 
 
35-45 
 
Teacher passes out entrance activity to 
students and goes over the correct 
answers after students have completed. 
 
Teacher goes through guided notes on 
heats of reaction, entropy and Table I, 
reviews endothermic and exothermic 
reactions on potential energy diagrams. 
 
Teacher passes out Table I activity for 
students to work on and complete 
independently. 
 
 
 
Teacher organizes students into partners 
so answers can be checked 
collaboratively. 
 
Teacher guiding questions: 
Where can you find information on how 
to distinguish between exothermic and 
endothermic reactions on Table I? 
 
What mnemonic can you use to 
remember that that when heat is written 
on the right, the reaction is exothermic, 
and vice versa? 
 
How do negative values of heat of 
reaction for an exothermic reaction relate 
to the position of reactants and products 
on a potential energy diagram? 
  
Students complete entrance activity and go 
through answers with instructor. 
 
 
Students write down guided notes as 
instructor goes through material and models 
Table I. 
 
 
Students work independently on the Table I 
activity to review material just learned.  
 
Students can use the Reference Tables for 
Chemistry as a resource in the activity. 
 
Students check their work in their new 
groups and discuss how chemical equations 
are another model for endothermic and 
exothermic reaction types.  
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Name__________________________________________________ Date__________________ 
Heat of Reaction Discussion Activity 
 
1. Using Table I, list five chemical reactions that are endothermic. 
 
a. 
 
 
 
b. 
 
 
 
c. 
 
 
 
d. 
 
 
 
e. 
 
 
 
2. Using your knowledge of endothermic and exothermic processes, re-write the above four 
equations including heat as a product or reactant (whichever is appropriate). 
 
 
a. 
 
 
 
b. 
 
 
 
c. 
 
 
 
d. 
 
 
 
e. 
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3. Using Table I, list five chemical reactions that are exothermic. 
 
a. 
 
 
 
b. 
 
 
 
c. 
 
 
 
d. 
 
 
 
e. 
 
 
 
 
4. Using your knowledge of endothermic and exothermic processes, re-write the above four 
equations including heat as a product or reactant (whichever is appropriate). 
 
 
a. 
 
 
 
b. 
 
 
 
c. 
 
 
 
d. 
 
 
 
e. 
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5. Pick one of you reactions that were endothermic and draw a potential energy diagram for 
the reaction below. Use appropriate axis units and labels. Label the heat of reaction and 
potential energy of the reactants and products. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Pick one of you reactions that were exothermic and draw a potential energy diagram for 
the reaction below. Use appropriate axis units and labels. Label the heat of reaction and 
potential energy of the reactants and products. 
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Lesson: 4- Equilibrium 
 
Central Focus The central focus of the lesson is on the concept of equilibrium in a 
chemical reactions, phase change or solution.  
Primary learning 
target  
Students will be able to describe the process of chemical, physical and 
solution equilibrium in terms of energy, entropy and process. 
Content 
Standard(s) 
VI.10 Systems in nature tend to undergo changes toward lower energy 
and higher entropy. 
 
VI.4 At equilibrium the rate of the forward reaction equals the rate of the 
reverse reaction. The measurable quantities of reactants and products 
remain constant at equilibrium. 
 
VI.3 Some chemical and physical changes can reach equilibrium. 
Learning objectives  
 
Students will be able to: 
 
Identify examples of physical equilibria as solution equilibrium and phase 
equilibrium, including the concept that a saturated solution is at 
equilibrium (3.4 vii) 
 
Describe the concentration of particles and rates of opposing reactions in 
an equilibrium system (3.4iv) 
 
Possible problems  Students may not remember that concentrations of products and reactants 
at equilibrium are constant, not necessarily equal. 
 
Students may not remember that what determine if a system is at 
equilibrium is if the rate of forward and the rate of reverse reactions are 
equal. 
Instructional 
resources and 
materials 
 
 Computers for pHet simulation 
 Reversible reaction model: 
http://phet.colorado.edu/en/simulation/reversible-reactions  
 Worksheet on reversible reactions adapted from: 
https://phet.colorado.edu/en/contributions/view/3638  
Assessments & data 
collection  
 Formative assessment: teacher observation and question throughout 
the activity. 
 Summative assessment: Unit test 
 
 
 
 
151 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
10-15 
 
 
 
15-35 
 
 
 
 
 
 
35-45 
 
Instructor introduces the concept of 
equilibrium in terms of chemical, phase 
and solution.  
 
Instructor introduces simulation activity 
on reversible reactions (chemical 
equilibrium). 
 
Teacher monitors student work on the 
reversible reactions simulation and work.  
 
Uses guiding questions to point students 
in the right direction, though activity 
should be mainly student centered.  
 
Teach organizes students into groups to 
share out what they learned and check to 
make sure their answers align in terms of 
understanding and what they observed in 
their simulations.  
 
Teacher guiding questions: 
What factors do or do not affect the rate a 
system reaches equilibrium?  
 
Why is concentration not necessarily 
equal for reactants and products at 
equilibrium? 
 
What is one key difference between 
chemical, phase and solution equilibria? 
 
 
  
Student write in guided notes the information 
on chemical, phase and solution equilibrium.  
 
 
Students listen to instruction on computer 
based simulation of a reversible reaction and 
take notes, ask question as they arise.  
 
Students work independently on simulation 
and reversible reactions activity. 
 
Students answer questions as they go through 
the activity. 
 
 
Student check their understanding with a 
partner and ensure that they’ve gone through 
the simulation correctly. 
 
If students did not go through the simulation 
correctly, students set up a time to come 
repeat the simulation to improve their 
understanding of chemical equilibrium.  
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Name_________________________________________________Date____________________ 
PhET Equilibrium Activity adapted from: 
https://phet.colorado.edu/en/contributions/view/3638  
 
Learning Goals (Student) 
1) Visualize a system at dynamic equilibrium state (DES) 
2) Characterize the DES by finding the red:green ball ratio, Krg.   
3) Design an investigation to test the effect of changing temperature, number of balls and 
activation energy barrier has on the system’s rate to reach equilibrium. 
 
Part 1: Observe 
Directions:  
 
1) Open the PhET “Reversible Reactions” simulation. 
2) Play with the simulation.  Click on EVERYTHING! Note the changes you observe in the 
system as you do. 
3) Answer the following questions: 
1) Put some number of balls (>50) in one of the wells.  In a table, record the number of 
green and red balls in each well as a function of time.  (Suggested time length: 5 minutes, 
suggested intervals: 15-20 seconds) Paste the table into this document.  (Google 
spreadsheet will work well for this.) 
 
 
 
 
 
2) Paste in a graph of your data.  Describe the shape of the graph and what it means in terms 
of the red and green balls.  Consider the ratio of red balls to green balls.  How does that 
change over time? 
 
 
 
 
3) After some amount of time, this simulation reaches a dynamic equilibrium state (DES).  
That is, a situation in which components of a system are moving but no net change is 
observed.  Describe how this simulation fits this model in terms of the amount of red and 
green balls.   
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Part 2:  Investigate  
Directions:  
 Investigate, using available tools in the simulation, the effect of a change in temperature, # of 
balls or activation energy on the Krg.  Your investigation must include the following factors (and 
fit onto the rest of this page): 
 
● Experimental question (i.e. How does X affect Y?): (Check your question with the 
instructor before beginning) 
● Independent variable: 
● Dependent Variable:  The ratio of red:green balls.  Let´s call it “Krg”.  
● Controlled Variables: 
● Table 
● Graph 
● Conclusions (1 paragraph referring back to your collected data) 
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Part 3: Conclusion Questions 
 
1. How does your simulation represent a process in real life (give one example). 
 
 
 
 
 
 
 
2. What did you learn about your chose variable and it’s effect on the equilibrium of a 
system? 
 
 
 
 
 
 
 
 
 
3. What are your predictions for the effects of the other variables on chemical equilibrium? 
How would you test these hypotheses?   
 
 
 
 
 
 
 
 
4. Finally, what are two more pieces you would like to investigate in terms of reaction 
equilibria that you did not get a chance to today? 
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Lesson: 5- Le Chatelier’s Principle 
 
Central Focus The central focus of the lesson is on Le Chatlier’s principle and how it 
relates to the equilibrium of a system. 
Primary learning 
target  
Students will be able to predict how a system at equilibrium is effected by 
a change made in terms of concentration, temperature, and/or pressure. 
Content 
Standard(s) 
VI.5 LeChatelier's principle can be used to predict the effect of stress 
(change in pressure, volume, concentration, and temperature) on a system 
at equilibrium. 
Learning objectives  
 
Students will be able to: 
 
Qualitatively describe the effect of stress on equilibrium, using 
LeChatelier's principle (3.4v) 
 
Possible problems  Students may struggle to visualize how a system changes to reduce stress 
without a proper visual. 
 
Students may struggle to determine what is effected by a change in 
pressure if there are gases present and they do not take molar relationships 
into account.  
Instructional 
resources and 
materials 
 
 Entrance activity reviewing equilibrium concepts. 
 Worksheet on equilibrium adapted (and expanded) from: 
http://misterguch.brinkster.net/HH009.doc.  
 Writing utensil 
 Guided notes 
Assessments & data 
collection  
 Formative assessment from entrance activity. 
 Summative assessment from worksheet and Unit test.  
 
 
 
Instructional strategies and learning tasks 
Time Teacher Actions Student Actions 
 
0-10 
 
 
 
10-25 
 
 
 
Teacher passes out the entrance activity 
on equilibrium, and goes over answers 
when students have completed. 
 
Instructor goes through guided notes on 
Le Chatelier’s principle and uses 
  
Students complete entrance activity and go 
over answers with instructor, correcting 
mistakes as necessary.  
 
Students take notes on Le Chatlier’s 
principle observing the models being 
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15-35 
 
 
 
 
 
 
35-45 
diagrams to model the concept of 
equilibrium under different stressors. 
 
Teacher hands out activity to students on 
modeling Le Chatlier’s principle.  
 
Teacher uses guiding question to ensure 
the activity is student centered 
throughout. 
 
Teacher goes over select questions with 
students to gauge their understanding of 
the topic formatively before it is handed 
in for a grade.  
 
Teacher guiding questions: 
What should you look for first to see how 
pressure will effect a system at 
equilibrium? 
 
How does a chemical equation accurately 
model a system at equilibrium? 
 
Why does temperature effect a system at 
equilibrium in a very specific manner? 
How does this relate to kinetic energy 
discussed in unit 1? 
 
How can we use a seesaw to model what 
is happening in terms of concentration 
changes in a reversible chemical 
reaction? 
diagramed for them, and asking questions as 
necessary to their understanding.  
 
Students complete the activity on Le 
Chatlier’s principle with a partner, carefully 
interpreting the model and discussing 
changes that effect the system. 
 
 
 
Students go through selected questions with 
the instructor to determine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
157 
Name_________________________________________________ Date___________________ 
Le Châtlier’s Principle Activity 
 
Directions: 
Explain how the following changes in reaction conditions will affect the position of the 
equilibrium modeled below, and explain your reasoning. (i.e. how with the reaction shift to 
adjust for the stress indicated?) 
 
A(g) + B(aq)  C(s)    ΔHrxn= -453 kJ/mol 
 
1) The pressure of A in the reaction chamber is increased. 
 
 
 
 
 
2) The temperature of the reaction is increased by 200 C. 
 
 
 
 
 
3) A catalyst is added to the system. 
 
 
 
 
 
4) As the reaction progresses, more of compound B is steadily added to the reaction 
chamber. 
 
 
 
 
 
5) An inhibitor is added to the reaction chamber. 
 
 
 
 
 
6) Argon gas is added to the reaction chamber, doubling the pressure. 
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Conclusion directions: 
Choose an equilibrium process (physical, chemical or solution) and diagram it below (a). You 
can write a reaction, draw a picture, or use a graph, whatever you see fit. Then choose a change 
to stress the system. Diagram the system immediately after this change (b) and describe how the 
system shifts to adjust for this change.  
 
a. (system at equilibrium) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. (system after stress is applied) 
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